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SECTION 01000 
 
 

STATEMENT OF WORK 
PRE-ENGINEERED METAL BUILDING 

MUD MOUNTAIN DAM 
ENUMCLAW, WASHINGTON 

 
 
1.  DESCRIPTION OF WORK:  This is a performance Contract.  The Contractor shall provide 
all plant, materials, labor and equipment necessary to design and construct a pre-engineered 
metal shop/equipment maintenance building.  Scope also involves all associated site work and 
utilities.  All work shall be performed in strict accordance with this Statement of Work, and all-
applicable Federal, State, and local codes and regulations. 

 
1.1 The principle items of work to be accomplished are as follows: 
 
1.1.1 Site Work 

 
1.1.1.1  Contractor shall perform site work of all types necessary to prepare the site to accept 
construction of the new metal building including excavation and backfill, footing/foundation and 
utility trenching, bedding, compaction, and fine grading.  The contractor shall perform trench 
excavation as necessary for installation of new electrical, telephone, water, sewer, IDS security, 
and fiber optic lines.  Excess excavated material suitable for backfill shall be stockpiled on site 
as directed by the Contracting Officer’s Representative.  Excavated material determined 
unsatisfactory for construction/backfill purposes, shall be disposed of off Government property. 

 
1.1.1.2 Contractor shall provide and install all required conduit, hand holes, wiring, devices, 
boxes, circuit breakers, pipe and fittings, valves and valve boxes, manholes, and other 
appurtenances necessary to run or extend all new and existing utilities to the new building and 
make final connections.     

 
1.1.2 Foundation, Footings, and Floor Slab  
 
1.1.2.1 Contractor shall design and construct a foundation system suitable to support the new 
metal building based on the design parameters provided by the pre-engineered metal building 
manufacturer. Foundation system including floor slab shall be designed by a professional 
engineer and submitted for government approval prior to commencing of foundation 
construction. 

 
1.1.2.2 Footings shall be installed a minimum of 24-inches below finish grade.  Contractor shall 
provide suitable structural fill as necessary to support the new building footings and floor slab.  
Excavate the area within the new foundation walls as required to permit installation of structural 
fill, a 4-inch thick capillary water barrier.  All excess excavated material shall be removed and 
disposed off Government property in accordance with Paragraph 1.1.1.1. 
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1.1.2.3 Concrete floor slab shall be steel bar reinforced concrete with a smooth steel trowel 
finish.  The floor/foundation system shall be designed to support the additional traversal loading 
caused by a 100,000 pound excavator or RT530E rough terrain crane with a wheel load of 
18,000 pounds per tire.  The contractor shall install a vapor barrier under the foundation slab.  
The foundation shall be constructed in relation to the surrounding area in such a manner to 
provide positive drainage away from the building and toward existing drainage ditch.  
 
1.1.2.4  A single floor drain trench shall be located parallel to the rollup doors extending 
approximately 1’ beyond each of the rollup doors.  The drain shall feed into the equipment wash 
rack upstream of the oil water separator. 
 
1.1.2.5  A concrete apron, with strength capacities as designed in accordance with paragraphs 
1.1.2.2 and 1.1.2.3, shall be constructed in front of the entire north face of the building as shown 
on drawing HMB-1.  The length and width shall be as indicated on the drawings.  The apron and 
sidewalks shall receive a broom finish. 

 
1.1.3 Metal Building  

 
1.1.3.1 The Contractor shall provide and install a 60-foot wide by 50-foot deep pre-engineered, 
insulated, metal building with an insulated standing seam metal roof.  The building shall meet 
the following criteria.   

 
1.1.3.2 Drawings HMB-1 through HMB-5 shall be the basis for the building layout.  The 
building height shall be as indicated on the drawings.  The exterior overhang shall have a 
minimum 14 feet of vertical clearance above finished floor.  Design snow load is 30-pounds per 
square foot plus drift or as dictated by MBMA.  Design wind speed is 100 miles-per-hour.  
Seismic design shall be for Zone 4 per 1997 UBC based on a “Near Source Factor” of 1.3.  
Contractor shall provide drawings stamped by a licensed Professional Engineer for Government 
approval demonstrating the structural integrity of the building, the foundation system, and the 
standing seam metal roof prior to commencing construction.   

 
1.1.3.3  The building shall be constructed with an insulated 24-gauge standing seam metal roof 
system.  Trim pieces shall be a minimum 26-guage thickness.  The standing seam metal roofing 
system and all of its components shall be covered by a 20-year minimum manufacturers warranty 
to include coatings.  The roof pitch shall be a minimum of 4/12.  Roof trusses shall be gable free 
span.  Color of exterior finishes shall be selected by the Mud Mountain Dam, Operating Project 
Manager.  It is the intent to match the colors to the vehicle wash facility, the maintenance shop, 
and the generator building which are located in the immediate vicinity. 

 
1.1.3.4  The building's exterior walls shall be a minimum of 24-gauge with vertical placement.  
Flashing and trim shall be a minimum of 26-gauge.  The metal building wall system and all of its 
components shall be covered by a 20-year minimum manufacturers warranty to include coatings. 
Finished wall and trim colors shall be selected by the Mud Mountain Dam, Operating Project 
Manager. 
1.1.3.5 All screw fasteners shall be corrosion resistant and color coordinated to match wall, roof, 
and trim colors. 
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1.1.3.6 The building roof shall be insulated such that it achieves an R-32 insulation rating.  The 
building walls shall be insulated such that they achieve an R-19 insulation rating.  Insulation 
shall be faced and installation shall include vapor barrier. 
 
1.1.3.7  Provide continuous gutters with 4 each downspouts on the main building.  Provide 
splash blocks at each downspout.  Gutters and downspouts shall be of the same materials as the 
roof system and sized and installed per the building manufacturers recommendations.  
Downspouts and splash blocks shall be positioned to ensure positive drainage away from the 
building foundation.  Downspouts shall drain to ditch in rear of building. 
 
1.1.3.8 Doors and Windows 

 
1.1.3.8.1  Sectional Doors.  Provide 2 each electrically operated roll-up/sectional doors as shown 
on drawings HMB-1 and HMB-2.  The doors shall be insulated, contain a continuous row of 
double pane windows, and be sealed along the top and sides to prevent air infiltration.  The door 
operators will be remote control with an exterior weatherproof keypad for each roll up door.  A 
single exterior control panel that can operate either door by separate code will be acceptable and 
shall be located between the doors on the exterior side.  The operators will be compatible with 
the existing controllers located in the maintenance shop building.  The doors at ground level 
shall be protected on both sides of each door on the exterior of the building with 6-inch diameter, 
concrete filled, steel bollards.  The bollards shall be painted a yellow color to match other 
bollards located in the vicinity. 

 
1.1.3.8.2  Personnel Doors.  Provide 1 each exterior grade 3-foot by 7-foot and 1 each exterior 
grade 6-foot by 7-foot, insulated, metal personnel doors and frames, including hinges, kick 
plates, door closers, metal thresholds, and locksets.  Locksets shall be compatible with Best Lock 
Company’s key interchangeable core system.  Canopies shall be provided and installed above 
each personnel door.  Reference drawing HMB-1 and HMB-2 for approximate door locations. 
 
1.1.3.8.3  Windows.  Provide 4 each double-pane, insulated, 5 foot by 2.5 foot, vinyl framed, 
sliding glass windows with exterior screens.  The bottom of the window sills shall be 48” above 
finished floor.  Reference drawings HMB-1 and HMB-2 for approximate window locations. 
 
1.1.3.9  Interior Sheathing 
 
1.1.3.9.1  Provide and install plywood sheathing full height around the entire interior of the new 
pre-engineered metal building with the exception of the doors to protect the wall insulation.  The 
plywood shall be ¾-inch, tongue and groove.  The contractor shall provide a sill plate at floor 
level and sufficient supports in the building structure to ensure that the sheathing is securely 
fastened.  

 
1.1.3.9.2  Interior partition walls shall be conventional 2”x4” framing members (wood or steel) 
and insulated with R-13 fiberglass installation.  Interior wall and ceiling surfaces shall receive 
5/8 Type X Gypsum wall board taped and finished smooth.  Exterior partition wall surfaces shall 
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receive ¾-inch, tongue and groove plywood full height, matching adjacent interior plywood 
surfaces. 
 
1.1.3.10  Painting 

 
1.1.3.10.1  The contractor shall provide all labor, materials, and equipment to install one coat of 
primer and two coats of interior latex paint on the exposed surface of all interior plywood 
sheathing and all Gypsum wall board walls and ceiling. 
 
1.1.3.10.2  The contractor shall provide all labor, materials, and equipment to install one coat of 
primer and two coats of exterior paint to both sides of all doors and doorframes.  Colors to be 
selected by the Mud Mountain Dam, Operating Project Manager. 

 
1.1.3.10.3  Contractor shall provide paint manufacturer’s standard color chart for selection of 
colors by the Mud Mountain Dam, Operating Project Manager. 
 
1.1.4  Plumbing 
 
1.1.4.1  Provide a sanitary sewer line from the restroom of the new building to the existing 
project sanitary sewer system.  In the event sufficient fall does not exist to allow for proper 
drainage, contractor shall provide a packaged grinder pump system of sufficient size to pump the 
sewage to the existing on-site sewage disposal system. 
 
1.1.4.2  Provide 2 external frost free hose bibs and one internal hose bib in locations shown on 
drawing HMB-5.  
 
1.1.4.3  Provide a plumbed emergency eye wash station on the bay side of the west bathroom 
wall.  The eye wash station will also have attached shower head with emergency pull chain.  
Approximate location shown on drawing HMB-5. 
 
1.1.4.4  Provide an under sink mounted electrically operated point of use water heater. 
 
1.1.5 Electrical 

 
1.1.5.1  General 

 
The Contractor shall provide and install electrical and telephone service to the building.  Provide 
electrical and telephone for all specified features in other paragraphs.   Equipment, materials, and 
installation shall comply with latest editions of the Washington Administrative Code, National 
Electrical Code, National Electrical Safety Code, and NFPA 72.  Installation shall be of an 
industrial grade and performed by journeyman level electricians.  Hazardous areas shall be in 
accordance with NEC Article 511 and shall be Class 1, Division 2 up to 18 inches above floor 
level for all areas inside the metal building.  Locate hand holes outside the facility as necessary 
to intercept existing telephone and power circuits.  Each electrical panel shall be provided with 9 
spare breakers. 
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1.1.5.1.1  Submit electrical design for approval.  Include power, lighting, and telephone plans 
stamped by registered engineer.  Include lighting interior zonal cavity and exterior point 
calculations, along with photo metrics and fixture cut sheets.  Include shop drawings for 
equipment and materials and any backup data required to support selection. 

 
1.1.5.2  Lighting. Provide low temperature energy efficient ballasts. 

 
1.1.5.2.1  Provide a minimum of 50 foot candles of illumination..  Illumination shall be provided 
by energy efficient, compact, fluorescent industrial luminaries with 8 each, 42-watt compact 
lamps and electronic ballast.  Fixtures shall be Sportlite, Model SL8 Electronic or equal.  Lamps 
shall be natural white light 4100k color temperature, color rendering index 85 CRI, 10,000-hour 
lamp life (3-hours per start), with 1800 initial lumens. Fixtures shall be located per 
manufacturers recommendation, pendent mount a minimum of 16 feet above finished floor.  Care 
shall be taken to ensure that the lights are not in the path of the bridge crane travel or support 
structure.  The contractor shall provide and install raceways, wiring, and switches to ensure a 
four switch system energizing two lamps in each fixture when an individual switch is activated.  
Switching will provide the capability to energize two, four, six, or eight lamps per fixture at the 
users discretion. 
 
1.1.5.3  Provide illuminated exit signs adjacent to each personnel access door.  The placement of 
the signs shall be in accordance with the applicable electrical and fire safety codes. 
 
1.1.5.4  Provide two (2) weatherproof exterior grade can type light fixtures (minimum 75 watt 
metal halide) as shown on drawing HMB-3.  Exterior lights shall be energized and de-energized 
by photocells with manual override switches at convenient locations.  
 
1.1.5.5  Provide 1 each 20’ high steel pole including pre-cast pole base in the location shown on 
drawing HMB-3.  Provide three (3) 1000-watt high-pressure sodium (HPS) light fixtures 
including hardware, electrical conductors, and connections. 
 
1.1.5.6  Receptacles 

 
1.1.5.6.1  Provide NEMA 5-15 and 5-20 spec grade wall mounted electrical outlets.  Installation 
shall include receptacles, cover plates, raceway, wire, connections, fittings, boxes, circuit 
breakers, hardware, and any other elements required to provide a complete functioning system.  
Outlets shall be GFI protected by circuit breakers. No more than 5 receptacles shall be installed 
per circuit.  Duplex outlets shall be installed along walls evenly distributed as shown on drawing 
HMB-3.  Provide 2 exterior weatherproof duplex outlets as shown on drawings HMB-3. 
 
1.1.5.7  Wiring.  Wiring shall consist of insulated conductors in conduit.  Conduit for interior use 
shall be EMT.  Minimum size shall be ¾-inch.  PVC shall be installed below grade and rigid 
galvanized steel shall be installed in hazardous areas and in areas where easily damaged.  
Conductors shall be a minimum of #12 AWG, 600 volt, THHN/THWN.  
 
1.1.5.8  Provide a panel mount surge protector to protect the entire building from electrical 
surges. 
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1.1.5.9  Telephone.  Provide 2 telephone outlets as shown on drawings HMB-3, "star" wired to 
patch/punch block in telephone panel.  Exact locations shall be as directed by the Contracting 
Officer’s Representative.  All wiring shall be a minimum of Category 5.    
 
1.1.5.10  Alarm System.  Install alarm system to provide complete coverage of all areas on the 
ground floor.  The alarm control box shall be installed in the location shown on the drawings and 
be tied into the existing system located in the Administrative and Maintenance building. 
 
1.1.6  Provide 2 each 52” diameter commercial quality pendant mount ceiling fans.  Fans shall be 
controlled from a wall mounted rheostat switch.  Location to be determined during construction 
but will be in the general area of the light switch bank. 
 
1.1.7  Provide gable end exhaust fan with electrically operated louvers and bird/bug screen.  The 
control for the louvers will be a wall mounted 60 minute timer switch.  The location of the 
switch control box will be on the wall between the roll up doors. 
 
1.1.8 Forced Air Unit Heaters. Provide propane fired, ceiling hung forced air, programmable 
thermostatically controlled unit heaters.  The heaters shall be similar to those in the existing weld 
shop and maintenance shop building.  The thermostats (one per UH) shall be located on the wall 
a distance of 48 inches above finished floor as shown on drawing HMB-3 between the roll up 
doors. 
 
1.1.9  Provide a horizontal, two stage, electric industrial air compressor.  The unit shall be 
pinned to the slab and have a 120 gallon capacity capable of delivering 50 cfm @ 175 psi.  A 
cover structure shall be provided for the compressor to ensure that it is protected from the 
weather. 
 
2.  Drawings and Specifications 
 
2.1  Drawings. The following Drawings accompany this SOW and form a part of this Contract. 
Drawings HMB-1, HMB-2, HMB-3, and HMB-5. 
 
2.2  Specifications.  The following Specification Sections accompany this SOW and form a part 
of this Contract. 
  
02300 Earthwork        (7) Pages 
 
02315 Excavation, Filling and Backfilling for Buildings   (7) Pages 
 
02316 Excavation, Trenching, and Backfilling for Utilities Systems  (7) Pages 
 
02531 Sanitary Sewers        (7) Pages 
 
03307 Concrete        (10) Pages 

 
06100 Rough Carpentry       (13) Pages 
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07900 Joint Sealing        (5) Pages 
 
08110 Steel Doors and Frames       (5) Pages 
 
08360 Sectional Overhead Doors      (4) Pages 
 
08700   Builder’s Hardware        (9) Pages 

 
09900 Paints and Coatings       (19) Pages 
 
10800 Toilet Accessories       (4) Pages 
 
15200 Piping – Plumbing       (24) Pages 
 
15400 Plumbing, General Purpose      (23) Pages 
 
16415 Electrical Work, Interior      (42) Pages 
 
All tasks not specifically referenced above shall be performed in a workmanlike manner 
consistent with industry standards and in accordance with Federal, State and local codes and 
regulations. 

 
3. Construction Phasing and Restrictions.  The following phasing and restriction related issues 
may affect the work: 
 
3.1 Work must be coordinated with the Mud Mountain Dam Project Operating Manager through 
the Contracting Officer’s Representative. 
 
3.2  Interface with project occupants. The work shall be planned and accomplished so that there 
shall be a minimum of interference and inconvenience to the staff.  Do not block any building 
driveways, access routes, or exits without prior coordination with and approval from the 
Contracting Officer’s Representative. 
 
3.3 Construction Restrictions: 
 
3.3.1 Utility outages shall be coordinated at least 7 (seven) workdays prior to proposed outages.  
Outages shall be scheduled to minimize disruption to on going daily operations.  This is a U.S. 
Army Corps of Engineers operating facility and its continued operation is imperative for public 
safety.  Any activities that could affect the operation of the facility must be coordinated with the 
Contracting Officer’s Representative. 
 
3.3.2 The Contractor shall observe all Federal, State, and local regulations while performing this 
contract and all construction will meet or exceed applicable industry standards. 
 
3.3.3 U.S. Army Corps of Engineers, Safety and Health Requirements Manual, EM 385-1-1 shall 
be considered a part of this contract and will be enforced as such. 
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3.3.4 The contractor shall attend a pre-work meeting prior to commencing construction 
activities.  The contractor shall contact the Project Lead within 5-days of issuance of contract 
NTP to establish a date and time for the pre-work meeting.  The contractor shall submit a 
construction schedule and a Work Plan (as described below) at that meeting for government 
approval unless these items have been previously approved by the government. 
 
4. Construction Facilities and Temporary Controls. 
 
4.1 Water.  The Government will make available to the contractor, from existing outlets and 
supplies, reasonable amounts of potable water without charge for operations relative to the 
project.  The Contractor, at their own expense, shall install and maintain necessary temporary 
connections and distribution lines and shall remove the connections and lines prior to final 
acceptance of construction. 
 
4.2 Electricity.  Subject to available supply, the Government will make available to the 
contractor, from existing outlets and supplies, reasonable amounts of electricity without charge 
for operations relative to the project.  The contractor shall carefully conserve electricity 
furnished.  The Contractor, at their own expense, shall install and maintain necessary temporary 
connections and distribution lines in a fashion acceptable to the Contracting Officer’s 
Representative and shall remove said connections and lines prior to final acceptance of 
construction. 
 
4.3 The contractor shall provide portable toilet facilities for the use of his personnel on site.  
 
4.4 A staging area shall be provided for the contractor in a location as directed by the 
Contracting Officer’s Representative.  Area is limited and unsecured.  The contractor shall make 
provisions for its own security. 
 
4.5 Work shall be performed between the hours of 7:30 AM and 4:00 PM Monday through 
Friday unless an alternate work schedule is approved by the Contracting Officer’s 
Representative. 
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5. Submittals 
 
5.1 All items listed below or required per the contract specification shall be submitted for 
review or approval as indicated.  Any proposal deviations to the design shall be submitted  
for approval prior to installation.  ENG Form 4025 shall accompany all submittals. 
 

Spec 
Section 

Activity Submittal 

SOW Project Schedule (Government 
Approval prior to construction start.) 

 

SOW Work Plan (Government Approval 
prior to construction start.) 

Hazard Analysis 

  Identification of definable 
features of work 

  Site specific safety plan 
  Subcontractor List 
  Methods of performance 
  Task Order specific Quality 

Control Plan 
  Identification of utility routes 

and entry points. 
 
6. Contract Completion Requirements 
 
6.1 The Contractor shall provide the items indicated below to the Contracting Officer’s 
Representative prior to contract completion: 
 
CONTRACT COMPLETION REQUIREMENT YES NO 
As-built Drawings √  

1354  √ 
Equipment-In-Place List √  

User Training √  
O & M Manuals   

Mechanical O & M √  
Electrical O & M √  
Other O & M √  

 
7. Performance Period 
 
7.1 The Contractor shall be required to commence work under this contract within 10 calendar 
days after the date the Contractor receives the Notice to Proceed (NTP) and complete all work, 
including final cleanup of the premises, within 150 calendar days of  receipt of NTP. 
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8. Points of Contact 
 
8.1 All correspondence shall be sent to: 
 

U.S. Army Corps of Engineers 
Small Projects Office 
ATTN:  Becky Dansereau 
PO Box 92146 
Tillicum, WA  98429 – 0146 

 
8.2 Project lead is: 
 

Doug Parker 
(253) 982-3014 



 
SECTION 02300 

 
EARTHWORK 

1 GENERAL 
 
1.1 REFERENCES 

 
The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only. 

 
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

 
ASTM C 136 (1996a) Sieve Analysis of Fine and Coarse Aggregates 

 
ASTM D 422 (1963; R 1998) Particle-Size Analysis of Soils 

 
ASTM D 1140 (1997) Amount of Material in Soils Finer than the No. 200 

(75-micrometer) Sieve 
 

ASTM D 1556 (1990; R 1996) Density and Unit Weight of Soil in Place by 
the Sand-Cone Method 

 
ASTM D 1557 (1998) Laboratory Compaction Characteristics of Soil Using 

Modified Effort (56,000 ft-lbf/cu. ft. (2,700 kN-m/cu. m.)) 
 

ASTM D 2167 (1994) Density and Unit Weight of Soil in Place by the 
Rubber Balloon Method 

 
ASTM D 2487 (1998) Classification of Soils for Engineering Purposes 

(Unified Soil Classification System) 
 

ASTM D 2922 (1996) Density of Soil and Soil-Aggregate in Place by 
Nuclear Methods (Shallow Depth) 

 
ASTM D 2937 (1994) Density of Soil in Place by the Drive-Cylinder Method 

 
ASTM D 3017 (1988; R 1996el) Water Content of Soil and Rock in Place by 

Nuclear Methods (Shallow Depth) 
 

ASTM D 4318 (1998) Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils 

 
 
1.2 DEFINITIONS 
 
1.2.1 Satisfactory Materials 
 

Satisfactory materials shall comprise any materials classified by ASTM D 2487 as GW, GP, SW, SP, 
SP-SM, GP-GM, GM or GC.  Satisfactory materials for grading shall be comprised of stones less than 
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8 inches, except for fill material for pavements which shall be comprised of stones less than 3 inches in 
any dimension. 

 
1.2.2 Unsatisfactory Materials 
 

Materials which do not comply with the requirements for satisfactory materials are unsatisfactory.  
Unsatisfactory materials also include man-made fills; trash; refuse; backfills from previous 
construction; and material classified as satisfactory which contains root and other organic matter or 
frozen material.  The Contracting Officer shall be notified of any contaminated materials. 

 
1.2.3 Cohesionless and Cohesive Materials 
 

Cohesionless materials include materials classified in ASTM D 2487 as GW, GP, SW, and SP.  
Cohesive materials include materials classified as GC, SC, ML, CL, MH, and CH.  Materials classified 
as GM and SM will be identified as cohesionless only when the fines are nonplastic.  Testing required 
for classifying materials shall be in accordance with ASTM D 4318, ASTM C 136, ASTM D 422, and 
ASTM D 1140. 

 
1.2.4 Degree of Compaction 
 

Degree of compaction required is expressed as a percentage of the maximum density obtained by the 
test procedure presented in ASTM D 1557 abbreviated as a percent of laboratory maximum density. 
 

1.2.5  Topsoil 
 

Material obtained from off-site areas, excavations, or areas indicated on the drawings, suitable for 
topsoils, is defined as sandy loam, sandy clay loam, clay loam, silty clay loam, or silt loam soils as 
described by USDA textural class.  Topsoil shall have a maximum of 3 percent retained on a 1/4inch 
screen and a minimum of 5 percent passing through a 120mesh screen. Topsoil shall contain 5-20 
percent by volume of mixed, composted, fine-particle organic matter.  Topsoil will be obtained from 
well drained areas and shall not contain more than 5 percent water by volume. 

 
The topsoil shall be free from debris, noxious weeds, rhizomes, roots, toxic substances, or any other 
material that may be harmful to plant growth.  Decomposed wood derivatives (ground bark, sawdust, 
or other wood waste) used in the topsoil shall be free of weeds, weed seeds, and sticks and fully 
decomposed a minimum of 6 months or stabilized with nitrogen.  The pH shall be between 5.5 and 
7.5.  Soluble soils shall not exceed 500 ppm.  Each delivery shall be accompanied by a guaranteed 
statement of analysis listing the percent of organic matter and the pH. 
 

1.3 SUBMITTALS 
 
Government approval is required for submittals with a "G" designation; submittals not having a "G" 
designation are for information only.  When used, a designation following the "G" designation identifies 
the office that will review the submittal for the Government.  The following shall be submitted in 
accordance with Section 01330 SUBMITTAL PROCEDURES: 
 

SD-06 Test Reports 
 

Testing; 
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  Within 24 hours of conclusion of physical tests, 4 copies of test results, including 
calibration curves and results of calibration tests. 

 
SD-07 Certificates 

 
Testing; 

 
  Qualifications of the commercial testing laboratory or Contractor's testing facilities. 

 
1.4 SUBSURFACE DATA 
 

Subsurface soil boring logs are not available for this project. 
 
1.5 CLASSIFICATION OF EXCAVATION 
 

No consideration will be given to the nature of the materials, and all excavation will be designated as 
unclassified excavation 

 
1.5.1 Common Excavation 
 

Common excavation shall include the satisfactory removal and disposal of all materials not classified 
as rock excavation. 

 
1.6 BLASTING 
 

Blasting will not be permitted. 
 
1.7 UTILIZATION OF EXCAVATED MATERIALS 
 

Unsatisfactory materials removed from excavations shall be disposed off site.  Satisfactory material 
removed from excavations shall be used, insofar as practicable, in the construction of fills, 
embankments, subgrades, shoulders, bedding (as backfill), and for similar purposes.   

 
2 PRODUCTS (NOT APPLICABLE) 
 
3 EXECUTION 
 
3.1 STRIPPING OF TOPSOIL 

 
 

Where indicated or directed, topsoil shall be stripped to a depth of 8 inches or as indicated.  Topsoil 
shall be spread on areas already graded and prepared for topsoil, or deposited in stockpiles convenient 
to areas that are to receive application of the topsoil later. Topsoil shall be kept separate from other 
excavated materials, brush, litter, objectionable weeds, roots, stones larger than 2 inches in diameter, 
and other materials that would interfere with planting and maintenance operations.  Any surplus of 
topsoil from excavations and grading shall removed from the site. 

 
3.2 GENERAL EXCAVATION 
 

The Contractor shall perform excavation of every type of material encountered within the limits of the 
project to the lines, grades, and elevations indicated and as specified.  Grading shall be in conformity 
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with the typical sections shown and the tolerances specified in paragraph FINISHING.  Satisfactory 
excavated materials shall be transported to and placed in fill or embankment within the limits of the 
work.  Unsatisfactory materials encountered within the limits of the work shall be excavated below 
grade and replaced with satisfactory materials as directed.  Such excavated material and the satisfactory 
material ordered as replacement shall be included in excavation.  Surplus satisfactory excavated 
material not required for fill or embankment shall be disposed of off site.  Unsatisfactory excavated 
material shall be disposed of off site.  During construction, excavation and fill shall be performed in a 
manner and sequence that will provide proper drainage at all times.  Material required for fill or 
embankment in excess of that produced by excavation within the grading limits shall be provided by 
the Contractor from off-site. 

 
3.3 SELECTION OF BORROW MATERIAL 
 

Borrow material shall be selected to meet the requirements and conditions of the particular fill or 
embankment for which it is to be used.  Borrow material shall be obtained from locations off-site 
selected by the Contractor.  The Contractor shall obtain from the owners the right to procure material, 
pay royalties and other charges involved, and bear the expense of developing the sources, including 
rights-of-way for hauling. 

 
3.4 BACKFILL 
 

Backfill adjacent to any and all types of structures shall be placed and compacted to at least 90 percent 
laboratory maximum density for cohesive materials or 95 percent laboratory maximum density for 
cohesionless materials to prevent wedging action or eccentric loading upon or against the structure.  
Ground surface on which backfill is to be placed shall be prepared as specified in paragraph 
PREPARATION OF GROUND SURFACE FOR EMBANKMENTS.  Compaction requirements for 
backfill materials shall also conform to the applicable portions of paragraphs PREPARATION OF 
GROUND SURFACE FOR EMBANKMENTS, EMBANKMENTS, and SUBGRADE 
PREPARATION, and Section 02630 STORM-DRAINAGE SYSTEM; and Section 02316 
EXCAVATION, TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS.  Compaction 
shall be accomplished by sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled rollers, vibratory 
compactors, or other approved equipment. 

 
3.5 SUBGRADE PREPARATION 
 
3.5.1 Construction 
 

Subgrade shall be shaped to line, grade, and cross section, and compacted as specified.  This operation 
shall include plowing, disking, and any moistening or aerating required to obtain specified compaction.  
Soft or otherwise unsatisfactory material shall be removed and replaced with satisfactory excavated 
material or other approved material as directed. Rock encountered in the cut section shall be excavated 
to a depth of 6 inches below finished grade for the subgrade.  Low areas resulting from removal of 
unsatisfactory material or excavation of rock shall be brought up to required grade with satisfactory 
materials, and the entire subgrade shall be shaped to line, grade, and cross section and compacted as 
specified.  After rolling, the surface of the subgrade for roadways shall not show deviations greater 
than 1 inch when tested with a 10 foot straightedge applied both parallel and at right angles to the 
centerline of the area. The elevation of the finish subgrade shall not vary more than 0.05 foot from the 
established grade and cross section. 
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3.5.2 Compaction 
 

Compaction shall be accomplished by sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled rollers, 
vibratory compactors, or other approved equipment.  Except for paved areas, each layer shall be 
compacted to at least 85 percent of laboratory maximum density. 

 
3.5.2.1 Subgrade for Pavements 
 

Subgrade for pavements shall be compacted to at least 90 percentage laboratory maximum density for 
the depth below the surface of the pavement shown.  When more than one soil classification is present 
in the subgrade, the top 8 inches of subgrade shall be scarified, windrowed, thoroughly blended, 
reshaped, and compacted. 

 
3.6 FINISHING 
 

The surface of excavations and subgrades shall be finished to a smooth and compact surface in 
accordance with the lines, grades, and cross sections or elevations shown.  The degree of finish for 
graded areas shall be within 0.1 foot of the grades and elevations indicated except that the degree of 
finish for subgrades shall be specified in paragraph SUBGRADE PREPARATION.  Gutters and 
ditches shall be finished in a manner that will result in effective drainage.  The surface of areas to be 
turfed shall be finished to a smoothness suitable for the application of turfing materials. 

 
3.7 PLACING TOPSOIL 
 

On areas to receive topsoil, the compacted subgrade soil shall be scarified to a 2-inch depth for bonding 
of topsoil with subsoil.  Topsoil then shall be spread evenly to a thickness of 6 inches and graded to the 
elevations and slopes shown.  Topsoil shall not be spread when frozen or excessively wet or dry.  
Material required for topsoil in excess of that produced by excavation within the grading limits shall be 
obtained from offsite areas. 

 
3.8 TESTING 

 
 

Testing shall be performed by an approved commercial testing laboratory or by the Contractor subject 
to approval.  If the Contractor elects to establish testing facilities, no work requiring testing will be 
permitted until the Contractor's facilities have been inspected and approved by the Contracting Officer.  
Field in-place density shall be determined in accordance with ASTM D 1556, ASTM D 2167 or ASTM 
D 2922.  When ASTM D 2922 is used, the calibration curves shall be checked and adjusted using only 
the sand cone method as described in ASTM D 1556.  ASTM D 2922 results in a wet unit weight of 
soil and when using this method ASTM D 3017 shall be used to determine the moisture content of the 
soil.  The calibration curves furnished with the moisture gauges shall also be checked along with 
density calibration checks as described in ASTM D 3017; the calibration checks of both the density and 
moisture gauges shall be made at the beginning of a job on each different type of material encountered 
and at intervals as directed by the Contracting Officer. When test results indicate, as determined by the 
Contracting Officer, that compaction is not as specified, the material shall be removed, replaced and 
recompacted to meet specification requirements.  Tests on recompacted areas shall be performed to 
determine conformance with specification requirements.  Inspections and test results shall be certified 
by a registered professional civil engineer.  These certifications shall state that the tests and 
observations were performed by or under the direct supervision of the engineer and that the results are 
representative of the materials or conditions being certified by the tests.  The following number of tests, 
if performed at the appropriate time, will be the minimum acceptable for each type operation. 
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3.8.1 Fill and Backfill Material Gradation 
 

One test per 50 cubic yards stockpiled or in-place source material.  Gradation of fill and backfill 
material shall be determined in accordance with ASTM C 136, ASTM D 422 or ASTM D 1140. 

 
3.8.2 In-Place Densities 
 

a.  One test per 500 square feet, or fraction thereof, of each lift of fill or backfill areas compacted 
by other than hand-operated machines. 

 
b.  One test per 100 square feet, or fraction thereof, of each lift of fill or backfill areas compacted 

by hand-operated machines. 
 
3.8.3 Check Tests on In-Place Densities 
 

If ASTM D 2922 is used, in-place densities shall be checked by ASTM D 1556 as follows: 
 

a.  One check test per lift for each 500 square feet, or fraction thereof, of each lift of fill or 
backfill compacted by other than hand-operated machines. 

 
b.  One check test per lift for each 100 square feet, of fill or backfill areas compacted by hand-

operated machines. 
 
3.8.4 Moisture Contents 
 

A minimum of two tests per day per type of material or source of material being placed during stable 
weather conditions shall be performed.  During unstable weather, tests shall be made as dictated by 
local conditions and approved by the Contracting Officer. 

 
3.8.5 Optimum Moisture and Laboratory Maximum Density 
 

One representative test per 20 cubic yards of fill and backfill, or when any change in material occurs 
which may affect the optimum moisture content or laboratory maximum density. 

 
3.8.6 Tolerance Tests for Subgrades 
 

Continuous checks on the degree of finish specified in paragraph SUBGRADE PREPARATION shall 
be made during construction of the subgrades. 

 
3.9 SUBGRADE AND EMBANKMENT PROTECTION 
 

During construction, excavations shall be kept shaped and drained.  Ditches and drains along subgrade 
shall be maintained to drain effectively at all times.  The finished subgrade shall not be disturbed by 
traffic or other operation and shall be protected and maintained by the Contractor in a satisfactory 
condition until ballast, subbase, base, or pavement is placed.  The storage or stockpiling of materials on 
the finished subgrade will not be permitted.  No subbase, base course, ballast, or pavement shall be laid 
until the subgrade has been checked and approved, and in no case shall subbase, base, surfacing, 
pavement, or ballast be placed on a muddy, spongy, or frozen subgrade. 
 

END OF SECTION 
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SECTION 02315 
 

EXCAVATION, FILLING AND BACKFILLING FOR BUILDINGS 
 
1 GENERAL 
 
1.1 REFERENCES 

 
The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only. 

 
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

 
ASTM D 1556 (1990; R 1996) Density and Unit Weight of Soil in Place by 

the Sand-Cone Method 
 

ASTM D 1557 (1991) Laboratory Compaction Characteristics of Soil Using 
Modified Effort (56,000 ft-lbf/cu. ft. (2,700 kN-m/cu.m.)) 

 
ASTM D 2167 (1994) Density and Unit Weight of Soil in Place by the 

Rubber Balloon Method 
 

ASTM D 2216 (1992) Laboratory Determination of Water (Moisture) 
Content of Soil, and Rock 

 
ASTM D 2487 (1993) Classification of Soils for Engineering Purposes 

(Unified Soil Classification System) 
 

ASTM D 2922 (1996) Density of Soil and Soil-Aggregate in Place by 
Nuclear Methods (Shallow Depth) 

 
ASTM D 2937 (1994) Density of Soil in Place by the Drive-Cylinder Method 

 
ASTM D 3017 (1988; R 1993) Water Content of Soil and Rock in Place by 

Nuclear Methods (Shallow Depth) 
 

ASTM D 4318 (1995a) Liquid Limit, Plastic Limit, and Plasticity Index of 
Soils 

 
1.2 DEGREE OF COMPACTION 
 

Degree of compaction is expressed as a percentage of the maximum density obtained by the test 
procedure presented in ASTM D 1557, abbreviated as percent laboratory maximum density. 

 
1.3 SUBMITTALS 

 
Government approval is required for submittals with a "G" designation; submittals not having a "G" 
designation are for information only.  When used, a designation following the "G" designation 
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identifies the office that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-06 Test Reports 

 
Testing;  

 
  Copies of all laboratory and field test reports within 24 hours of the completion of the test. 

 
2 PRODUCTS 
 
2.1 MATERIALS 
 
2.1.1 Satisfactory Materials 
 

Satisfactory materials shall comprise any materials classified by ASTM D 2487 as GW, GP, SW, SP-
SM, GP-GM, GM and GC. 

 
2.1.2 Unsatisfactory Materials 
 

Materials which do not comply with the requirements for satisfactory materials are unsatisfactory.  
Unsatisfactory materials also include man-made fills, trash, refuse, or backfills from previous 
construction.  Unsatisfactory material also includes material classified as satisfactory which contains 
root and other organic matter, frozen material, and stones larger than 3 inches.  The Contracting Officer 
shall be notified of any contaminated materials. 

 
2.1.3 Cohesionless and Cohesive Materials 
 

Cohesionless materials include materials classified in ASTM D 2487 as GW, GP, SW, and SP.  
Cohesive materials include materials classified as GC, SC, ML, CL, MH, and CH.  Materials classified 
as GM and SM shall be identified as cohesionless only when the fines are nonplastic. 

 
2.1.4 Expansive Soils 

 
 

Expansive soils are defined as soils that have a plasticity index equal to or greater than 25 when tested 
in accordance with ASTM D 4318. 

 
2.2 CAPILLARY WATER BARRIER 
 

Capillary Water Barrier shall consist of clean, crushed, nonporous rock, crushed gravel, or uncrushed 
gravel.  The maximum particle size shall be 1-1/2 inches and no more than 2 percent by weight shall 
pass the No. 4 size sieve. Pea gravel shall be nominal ½” smooth, rounded pea gravel suitable for the 
intended purpose. 
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3 EXECUTION 
 
3.1 TOPSOIL 
 

Topsoil shall be stripped to a depth of 8 inches below existing grade within the designated excavations 
and grading lines and deposited in storage piles for later use.  Excess topsoil shall be disposed as 
specified for excess excavated material. 

 
3.2 EXCAVATION 
 

Excavation shall conform to the dimensions and elevations indicated for each building, structure, and 
footing except as specified, and shall include trenching for utility and foundation drainage systems to a 
point 5 feet beyond the building line of each building and structure, excavation for outside grease 
interceptors, underground fuel tanks, and all work incidental thereof.  Excavation shall extend a 
sufficient distance from walls and footings to allow for placing and removal of forms.  Excavations 
below indicated depths will not be permitted except to remove unsatisfactory material. Satisfactory 
material removed below the depths indicated, without specific direction of the Contracting Officer, 
shall be replaced, at no additional cost to the Government, with satisfactory materials to the indicated 
excavation grade; except that concrete footings shall be increased in thickness to the bottom of the 
overdepth excavations and over-break in rock excavation.  Satisfactory material shall be placed and 
compacted as specified in paragraph FILLING AND BACKFILLING.  Determination of elevations 
and measurements of approved overdepth excavation of unsatisfactory material below grades indicated 
shall be done under the direction of the Contracting Officer. 

 
3.3 DRAINAGE AND DEWATERING 
 
3.3.1 Drainage 
 

Surface water shall be directed away from excavation and construction sites to prevent erosion and 
undermining of foundations.  Diversion ditches, dikes and grading shall be provided and maintained as 
necessary during construction.  Excavated slopes and backfill surfaces shall be protected to prevent 
erosion and sloughing.  Excavation shall be performed so that the site, the area immediately 
surrounding the site, and the area affecting operations at the site shall be continually and effectively 
drained. 

 
3.3.2 Dewatering 
 

Groundwater flowing toward or into excavations shall be controlled to prevent sloughing of excavation 
slopes and walls, boils, uplift and heave in the excavation and to eliminate interference with orderly 
progress of construction.  French drains, sumps, ditches or trenches will not be permitted within 3 feet 
of the foundation of any structure, except with specific written approval, and after specific contractual 
provisions for restoration of the foundation area have been made.  Control measures shall be taken by 
the time the excavation reaches the water level in order to maintain the integrity of the in situ material.  
While the excavation is open, the water level shall be maintained continuously to at least 2 feet below 
the working level. 

 
3.4 SHORING 
 

Shoring, including sheet piling, shall be furnished and installed as necessary to protect workmen, 
banks, adjacent paving, structures, and utilities.  Shoring, bracing, and sheeting shall be removed as 
excavations are backfilled, in a manner to prevent caving. 
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3.5 CLASSIFICATION OF EXCAVATION 
 

Excavation will be unclassified regardless of the nature of material encountered. 
 
3.6 BLASTING 
 

Blasting will not be permitted. 
 

3.7 UTILITY AND DRAIN TRENCHES 
 

Trenches for underground utilities systems and drain lines shall be excavated to the required 
alignments and depths.  The bottoms of trenches shall be graded to secure the required slope and shall 
be tamped if necessary to provide a firm pipe bed.  Recesses shall be excavated to accommodate bells 
and joints so that pipe will be uniformly supported for the entire length.  Rock, where encountered, 
shall be excavated to a depth of at least 6 inches below the bottom of the pipe, and the overdepth shall 
be backfilled with satisfactory material placed and compacted in conformance with paragraph 
FILLING AND BACKFILLING. 

 
3.8 BORROW 
 

Where satisfactory materials are not available in sufficient quantity from required excavations, 
approved materials shall be obtained as specified in Section 02300 EARTHWORK. 

 
3.9 EXCAVATED MATERIALS 
 

Satisfactory excavated material required for fill or backfill shall be placed in the proper section of the 
permanent work required under this section or shall be separately stockpiled if it cannot be readily 
placed. Satisfactory material in excess of that required for the permanent work and all unsatisfactory 
material shall be disposed of as specified in Section 02300 EARTHWORK. 

 
3.10 FINAL GRADE OF SURFACES TO SUPPORT CONCRETE 
 

Excavation to final grade shall not be made until just before concrete is to be placed.  
 
3.11 SUBGRADE PREPARATION 
 

Unsatisfactory material in surfaces to receive fill or in excavated areas shall be removed and replaced 
with satisfactory materials as directed by the Contracting Officer.  The surface shall be scarified to a 
depth of 6 inches before the fill is started.  Sloped surfaces steeper than 1 vertical to 4 horizontal shall 
be plowed, stepped, benched, or broken up so that the fill material will bond with the existing material.  
When subgrades are less than the specified density, the ground surface shall be broken up to a 
minimum depth of 6 inches, pulverized, and compacted to the specified density.  When the subgrade is 
part fill and part excavation or natural ground, the excavated or natural ground portion shall be 
scarified to a depth of 12 inches and compacted as specified for the adjacent fill.  Material shall not be 
placed on surfaces that are muddy, frozen, or contain frost.  Compaction shall be accomplished by 
sheepsfoot rollers, pneumatic-tired rollers, steel-wheeled rollers, or other approved equipment well 
suited to the soil being compacted.  Material shall be moistened or aerated as necessary to provide the 
moisture content that will readily facilitate obtaining the specified compaction with the equipment 
used.  Minimum subgrade density shall be as specified in paragraph FILLING AND BACKFILLING. 
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3.12 FILLING AND BACKFILLING 
 
Satisfactory materials shall be used in bringing fills and backfills to the lines and grades indicated and 
for replacing unsatisfactory materials.  Satisfactory materials shall be placed in horizontal layers not 
exceeding 8 inches in loose thickness, or 6 inches when hand-operated compactors are used.  After 
placing, each layer shall be plowed, disked, or otherwise broken up, moistened or aerated as necessary, 
thoroughly mixed and compacted as specified.  Backfilling shall not begin until construction below 
finish grade has been approved, underground utilities systems have been inspected, tested and 
approved, forms removed, and the excavation cleaned of trash and debris.  Backfill shall be brought to 
indicated finish grade and shall include backfill for outside grease interceptors and underground fuel 
tanks.  Backfill shall not be placed in wet or frozen areas.  Where pipe is coated or wrapped for 
protection against corrosion, the backfill material up to an elevation 2 feet above sewer lines and 1 foot 
above other utility lines shall be free from stones larger than 1 inch in any dimension.  Heavy 
equipment for spreading and compacting backfill shall not be operated closer to foundation or retaining 
walls than a distance equal to the height of backfill above the top of footing; the area remaining shall 
be compacted in layers not more than 4 inches in compacted thickness with power-driven hand tampers 
suitable for the material being compacted.  Backfill shall be placed carefully around pipes or tanks to 
avoid damage to coatings, wrappings, or tanks.  Backfill shall not be placed against foundation walls 
prior to 7 days after completion of the walls.  As far as practicable, backfill shall be brought up evenly 
on each side of the wall and sloped to drain away from the wall.  Each layer of fill and backfill shall be 
compacted to not less than the percentage of maximum density specified below: 

 
                                               Percent Laboratory 

                                                                          maximum density 
Cohesive         Cohesionless 

                                          material           material 
 
    Fill, embankment, and backfill 
    Under structures, building slabs, 
    steps, paved areas, around 
    footings, and in trenches                           90                 95 
 
    Under sidewalks and grassed areas                85                 90 
 
    Subgrade 
    Under building slabs, steps, and paved 
    areas, top 12 inches                                         90                95 
 
    Under sidewalks, top 6 inches                         85                90 
 

Approved compacted subgrades that are disturbed by the Contractor's operations or adverse weather 
shall be scarified and compacted as specified herein before to the required density prior to further 
construction thereon.  Recompaction over underground utilities and heating lines shall be by hand 
tamping. 

 
3.13 TESTING 
 

Testing shall be the responsibility of the Contractor and shall be performed at no additional cost to the 
Government.  Testing shall be performed by an approved commercial testing laboratory or may be 
performed by the Contractor subject to approval.  Field in-place density shall be determined in 
accordance with ASTM D 1556, ASTM D 2167, or ASTM D 2922. When ASTM D 2922 is used, the 
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calibration curves shall be checked and adjusted if necessary by the procedure described in ASTM D 
2922, paragraph ADJUSTING CALIBRATION CURVE.  ASTM D 2922 results in a wet unit weight 
of soil and when using this method ASTM D 3017 shall be used to determine the moisture content of 
the soil.  The calibration curves furnished with the moisture gauges shall also be checked along with 
density calibration checks as described in ASTM D 3017.  The calibration checks of both the density 
and moisture gauges shall be made at the beginning of a job on each different type of material 
encountered and at intervals as directed by the Contracting Officer. The following number of tests, if 
performed at the appropriate time, shall be the minimum acceptable for each type operation. 

 
3.13.1 In-Place Densities 
 

In-place density and moisture content test results shall be included with the Contractor's daily 
construction quality control reports. 

 
3.13.1.1 In-Place Density of Subgrades 
 

One test per 500 square foot or fraction thereof. 
 
3.13.1.2 In-Place Density of Fills and Backfills 
 

One test per 500 square foot or fraction thereof of each lift for fill or backfill areas compacted by other 
than hand or hand-operated machines.  The density for each lift of fill or backfill materials for trenches, 
pits, building perimeters or other structures or areas less than 4 feet in width, which are compacted with 
hand or hand-operated machines shall be tested as follows:  One test per each area less than 500 square 
feet, or one test for each 100 linear foot of long narrow fills 2 feet or more in length.   
 

3.13.2 Moisture Content 
 

A minimum of two tests per day per type of material or source of materials being placed is required 
during stable weather conditions.  During unstable weather, tests shall be made as dictated by local 
conditions and approved moisture content shall be tested in accordance with ASTM D 2216. 

 
3.13.3 Optimum Moisture and Laboratory Maximum Density 
 

Tests shall be made for each type material or source of material, including borrow material to 
determine the optimum moisture and laboratory maximum density values.  One representative test per 
200 cubic yards of fill and backfill, or when any change in material occurs which may affect the 
optimum moisture content or laboratory maximum density will be made. 

 
3.14 CAPILLARY WATER BARRIER 

 
Capillary water barrier under concrete floor and area-way slabs on grade shall be placed directly on the 
subgrade and shall be compacted with a minimum of two passes of a hand-operated plate-type 
vibratory compactor. 

 
3.15 GRADING 
 

Areas within 5 feet outside of each building and structure line shall be constructed true-to-grade, 
shaped to drain, and shall be maintained free of trash and debris until final inspection has been 
completed and the work has been accepted. 
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3.16 SPREADING TOPSOIL 
 

Areas outside the building lines from which topsoil has been removed shall be topsoiled.  The surface 
shall be free of materials that would hinder planting or maintenance operations.  The subgrade shall be 
pulverized to a depth of 2 inches by disking or plowing for the bonding of topsoil with the subsoil.  
Topsoil shall then be uniformly spread, graded, and compacted to the thickness, elevations, slopes 
shown, and left free of surface irregularities.  Topsoil shall be compacted by one pass of a cultipacker, 
roller, or other approved equipment weighing 100 to 160 pounds per linear foot of roller.  Topsoil shall 
not be placed when the subgrade is frozen, excessively wet, extremely dry, or in a condition otherwise 
detrimental to seeding, planting, or proper grading. 

 
3.17 PROTECTION 
 

Settlement or washing that occurs in graded, topsoiled, or backfilled areas prior to acceptance of the 
work, shall be repaired and grades reestablished to the required elevations and slopes. 
 

END OF SECTION 
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SECTION 02316 

 
EXCAVATION, TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS 

 
1 GENERAL 
 
1.1 REFERENCES 

 
The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only. 

 
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

 
ASTM D 1556 (1990; R 1996) Density and Unit Weight of Soil in Place by 

the Sand-Cone Method 
 

ASTM D 1557 (1998) Laboratory Compaction Characteristics of Soil Using 
Modified Effort (56,000 ft-lbf/cu. ft. (2,700 kN-m/cu. m.)) 

 
ASTM D 2167 (1994) Density and Unit Weight of Soil in Place by the 

Rubber Balloon Method 
 

ASTM D 2487 (1998) Classification of Soils for Engineering Purposes 
(Unified Soil Classification System) 

 
ASTM D 2922 (1996) Density of Soil and Soil-Aggregate in Place by 

Nuclear Methods (Shallow Depth) 
 

ASTM D 3017 (1988; R1996el) Water Content of Soil and Rock in Place by 
Nuclear Methods (Shallow Depth) 

 
1.2 DEGREE OF COMPACTION 
 

Degree of compaction shall be expressed as a percentage of the maximum density obtained by the test 
procedure presented in ASTM D 1557. 

 
1.3 SUBMITTALS 

 
Government approval is required for submittals with a "G" designation; submittals not having a "G" 
designation are for information only.  When used, a designation following the "G" designation 
identifies the office that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-06 Test Reports 

 
Field Density Tests;  
Testing of Backfill Materials;  

 
  Copies of all laboratory and field test reports within 24 hours of the completion of the test. 
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2 PRODUCTS 
 
2.1 MATERIALS 
 
2.1.1 Satisfactory Materials 

 
  Satisfactory materials shall comprise any materials classified by ASTM D 2487 as GW, GP, SP, or SW. 
 
2.1.2 Unsatisfactory Materials 
 

Materials which do not comply with the requirements for satisfactory materials are unsatisfactory.  
Unsatisfactory materials also include man-made fills, trash, refuse, or backfills from previous 
construction.  Unsatisfactory material also includes material classified as satisfactory which contains 
root and other organic matter, frozen material, and stones larger than 3 inches.  The Contracting Officer 
shall be notified of any contaminated materials. 

 
2.1.3 Cohesionless and Cohesive Materials 
 

Cohesionless materials shall include materials classified in ASTM D 2487 as GW, GP, SW, and SP.  
Cohesive materials shall include materials classified as GC, SC, ML, CL, MH, and CH.  Materials 
classified as GM and SM shall be identified as cohesionless only when the fines are nonplastic. 

 
2.1.4 Unstable Material 
 

Unstable material shall consist of materials too wet to properly support the utility pipe, conduit, or 
appurtenant structure. 

 
2.1.5 Select Granular Material 
 

Select granular material shall consist of well-graded sand, gravel, crushed gravel, crushed stone or 
crushed slag composed of hard, tough and durable particles, and shall contain not more than 10 percent 
by weight of material passing a No. 200 mesh sieve and no less than 95 percent by weight passing the l 
inch sieve.  The maximum allowable aggregate size shall be 1 inches, or the maximum size 
recommended by the pipe manufacturer, whichever is smaller. 

 
2.1.6 Initial Backfill Material 
 

Initial backfill shall consist of select granular material or satisfactory materials free from rocks 2 inches 
or larger in any dimension or free from rocks of such size as recommended by the pipe manufacturer, 
whichever is smaller.  When the pipe is coated or wrapped for corrosion protection, the initial backfill 
material shall be free of stones larger than 1 inches in any dimension or as recommended by the pipe 
manufacturer, whichever is smaller. 

 
2.2 PLASTIC MARKING TAPE 
 

Plastic marking tape shall be acid and alkali-resistant polyethylene film, 6 inches wide with minimum 
thickness of 0.004 inch.  Tape shall have a minimum strength of 1750 psi lengthwise and 1500 psi 
crosswise.  The tape shall be manufactured with integral wires, foil backing or other means to enable 
detection by a metal detector when the tape is buried up to 3 feet deep.  The tape shall be of a type 
specifically manufactured for marking and locating underground utilities.  The metallic core of the tape 
shall be encased in a protective jacket or provided with other means to protect it from corrosion.  Tape 
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color shall be as specified in TABLE 1 and shall bear a continuous printed inscription describing the 
specific utility. 

 
TABLE 1.  Tape Color 

 
                Red:              Electric 
                Yellow:         Gas, Oil, Dangerous Materials 
                Orange:         Telephone, Telegraph, Television, 
                                      Police, and Fire Communications 
                Blue:             Water Systems 
                Green:           Sewer Systems 
 
3 EXECUTION 
 
3.1 EXCAVATION 

 
Excavation shall be performed to the lines and grades indicated. During excavation, material 
satisfactory for backfilling shall be stockpiled in an orderly manner at a distance from the banks of the 
trench equal to 1/2 the depth of the excavation, but in no instance closer than 2 feet.  Excavated 
material not required or not satisfactory for backfill shall be removed from the site. Grading shall be 
done as may be necessary to prevent surface water from flowing into the excavation, and any water 
accumulating shall be removed to maintain the stability of the bottom and sides of the excavation.  
Unauthorized overexcavation shall be backfilled in accordance with paragraph BACKFILLING AND 
COMPACTION at no additional cost to the Government. 

 
3.1.1 Trench Excavation Requirements 
 

The trench shall be excavated as recommended by the manufacturer of the pipe to be installed.  Trench 
walls below the top of the pipe shall be sloped, or made vertical, and of such width as recommended in 
the manufacturer's installation manual.  Where no manufacturer's installation manual is available, 
trench walls shall be made vertical.  Trench walls more than 4 feet high shall be shored, cut back to a 
stable slope, or provided with equivalent means of protection for employees who may be exposed to 
moving ground or cave in.  Vertical trench walls more than 5 feet high shall be shored.  Trench walls 
which are cut back shall be excavated to at least the angle of repose of the soil.  Special attention shall 
be given to slopes which may be adversely affected by weather or moisture content.  The trench width 
below the top of pipe shall not exceed 24 inches plus pipe outside diameter (O.D.) for pipes of less than 
24 inches inside diameter and shall not exceed 36 inches plus pipe outside diameter for sizes larger 
than 24 inches inside diameter.  Where recommended trench widths are exceeded, redesign, stronger 
pipe, or special installation procedures shall be utilized by the Contractor.  The cost of redesign, 
stronger pipe, or special installation procedures shall be borne by the Contractor without any additional 
cost to the Government. 

 
3.1.1.1 Bottom Preparation 

 
The bottoms of trenches shall be accurately graded to provide uniform bearing and support for the 
bottom quadrant of each section of the pipe.  Bell holes shall be excavated to the necessary size at each 
joint or coupling to eliminate point bearing.  Stones of 3 inches or greater in any dimension, or as 
recommended by the pipe manufacturer, whichever is smaller, shall be removed to avoid point bearing. 
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3.1.1.2 Removal of Unyielding Material 
 
Where unyielding material is encountered in the bottom of the trench, such material shall be removed 4 
inches below the required grade and replaced with suitable materials as provided in paragraph 
BACKFILLING AND COMPACTION. 

 
3.1.1.3 Removal of Unstable Material 
 

Where unstable material is encountered in the bottom of the trench, such material shall be removed to 
the depth directed and replaced to the proper grade with select granular material as provided in 
paragraph BACKFILLING AND COMPACTION.  When removal of unstable material is required due 
to the Contractor's fault or neglect in performing the work, the resulting material shall be excavated and 
replaced by the Contractor without additional cost to the Government. 

 
3.1.1.4 Excavation for Appurtenances 
 

Excavation for manholes, catch-basins, inlets, or similar structures shall be of sufficient size to permit 
the placement and removal of forms for the full length and width of structure footings and foundations 
as shown.  Removal of unstable material shall be as specified above.  When concrete or masonry is to 
be placed in an excavated area, special care shall be taken not to disturb the bottom of the excavation.  
Excavation to the final grade level shall not be made until just before the concrete or masonry is to be 
placed. 

 
3.1.1.5 Jacking, Boring, and Tunneling 
 

Unless otherwise indicated, excavation shall be by open cut except that sections of a trench may be 
jacked, bored, or tunneled if, in the opinion of the Contracting Officer, the pipe, cable, or duct can be 
safely and properly installed and backfill can be properly compacted in such sections. 

 
3.1.2 Stockpiles 
 

Stockpiles of satisfactory material shall be placed and graded as specified.  Stockpiles shall be kept in a 
neat and well drained condition, giving due consideration to drainage at all times.  The ground surface 
at stockpile locations shall be cleared, grubbed, and sealed by rubber-tired equipment, excavated 
satisfactory and unsatisfactory materials shall be separately stockpiled.  Stockpiles of satisfactory 
materials shall be protected from contamination which may destroy the quality and fitness of the 
stockpiled material.  If the Contractor fails to protect the stockpiles, and any material becomes 
unsatisfactory, such material shall be removed and replaced with satisfactory material from approved 
sources at no additional cost to the Government.  Locations of stockpiles of satisfactory materials shall 
be subject to prior approval of the Contracting Officer. 

 
3.2 BACKFILLING AND COMPACTION 
 

Backfill material shall consist of satisfactory material, select granular material, or initial backfill 
material as required.  Backfill shall be placed in layers not exceeding 6 inches loose thickness for 
compaction by hand operated machine compactors, and 8 inches loose thickness for other than hand 
operated machines, unless otherwise specified.  Each layer shall be compacted to at least 95 percent 
maximum density for cohesionless soils and 90 percent maximum density for cohesive soils, unless 
otherwise specified. 
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3.2.1 Trench Backfill 
 

Trenches shall be backfilled to the grade shown. The trench shall not be backfilled until all specified 
tests are performed. 

 
3.2.1.1 Replacement of Unyielding Material 
 

Unyielding material removed from the bottom of the trench shall be replaced with select granular 
material or initial backfill material. 

 
3.2.1.2 Replacement of Unstable Material 
 

Unstable material removed from the bottom of the trench or excavation shall be replaced with select 
granular material placed in layers not exceeding 6 inches loose thickness. 

 
3.2.1.3 Bedding and Initial Backfill 

 
Initial backfill material shall be placed and compacted with approved tampers to a height of at least one 
foot above the utility pipe or conduit.  The backfill shall be brought up evenly on both sides of the pipe 
for the full length of the pipe.  Care shall be taken to ensure thorough compaction of the fill under the 
haunches of the pipe. 

 
3.2.1.4 Final Backfill 
 

The remainder of the trench, except for special materials for roadways, shall be filled with satisfactory 
material.  Backfill material shall be placed and compacted as follows: 

 
a.  Roadways:  Backfill shall be placed up to the elevation at which the requirements in Section 

02300 EARTHWORK control.  Water flooding or jetting methods of compaction will not 
be permitted. 

 
b.  Sidewalks, Turfed or Seeded Areas and Miscellaneous Areas:  Backfill shall be deposited in 

layers of a maximum of 12 inch loose thickness, and compacted to 85 percent maximum 
density for cohesive soils and 90 percent maximum density for cohesionless soils. This 
requirement shall also apply to all other areas not specifically designated above. 

 
3.2.2 Backfill for Appurtenances 
 

After the manhole, catchbasin, inlet, or similar structure has been constructed and the concrete has been 
allowed to cure for 7 days, backfill shall be placed in such a manner that the structure will not be 
damaged by the shock of falling earth.  The backfill material shall be deposited and compacted as 
specified for final backfill, and shall be brought up evenly on all sides of the structure to prevent 
eccentric loading and excessive stress. 

 
3.3 SPECIAL REQUIREMENTS 
 

Special requirements for both excavation and backfill relating to the specific utilities are as follows: 
 
3.3.1  Water Lines 
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Trenches shall be of a depth to provide a minimum cover of 2.5 feet from the existing ground surface, 
or from the indicated finished grade, whichever is lower, to the top of the pipe.  For fire protection yard 
mains or piping, an additional 12 inches of cover is required. 

 
3.3.2 Electrical Distribution System 
 

Direct burial cable and conduit or duct line shall have a minimum cover of 24 inches from the finished 
grade, unless otherwise indicated.  Special trenching requirements for direct-burial electrical cables and 
conduits are specified in Section 16375 ELECTRICAL DISTRIBUTION SYSTEM, 
UNDERGROUND. 

 
3.3.3 Plastic Marking Tape 

 
Warning tapes shall be installed directly above the pipe, at a depth of 18 inches below finished grade 
unless otherwise shown. 

 
3.4 TESTING 
 

Testing shall be the responsibility of the Contractor and shall be performed at no additional cost to the 
Government. 

 
3.4.1 Testing Facilities 
 

Tests shall be performed by an approved commercial testing laboratory or may be tested by facilities 
furnished by the Contractor.  No work requiring testing will be permitted until the facilities have been 
inspected and approved by the Contracting Officer. 

 
3.4.2 Testing of Backfill Materials 
 

Classification of backfill materials shall be determined in accordance with ASTM D 2487 and the 
moisture-density relations of soils shall be determined in accordance with ASTM D 1557.  A minimum 
of one soil classification and one moisture-density relation test shall be performed on each different 
type of material used for bedding and backfill. 

 
3.4.3 Field Density Tests 
 

Tests shall be performed in sufficient numbers to ensure that the specified density is being obtained.  A 
minimum of one field density test per lift of backfill for every 50 feet of installation shall be 
performed.  One moisture density relationship shall be determined for every 1500 cubic yards of 
material used.  Field in-place density shall be determined in accordance with ASTM D 1556, ASTM D 
2167 or ASTM D 2922.  When ASTM D 2922 is used, the calibration curves shall be checked and 
adjusted using the sand cone method as described in paragraph Calibration of the ASTM publication.  
ASTM D 2922 results in a wet unit weight of soil and when using this method, ASTM D 3017 shall be 
used to determine the moisture content of the soil.  The calibration curves furnished with the moisture 
gauges shall be checked along with density calibration checks as described in ASTM D 3017.  The 
calibration checks of both the density and moisture gauges shall be made at the beginning of a job, on 
each different type of material encountered, at intervals as directed by the Contracting Officer.  Copies 
of calibration curves, results of calibration tests, and field and laboratory density tests shall be 
furnished to the Contracting Officer.  Trenches improperly compacted shall be reopened to the depth 
directed, then refilled and compacted to the density specified at no additional cost to the Government. 
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3.4.4 Displacement of Sewers 
 

After other required tests have been performed and the trench backfill compacted to 2 feet above the 
top of the pipe, the pipe shall be inspected to determine whether significant displacement has occurred.  
This inspection shall be conducted in the presence of the Contracting Officer.  Pipe shall be inspected 
by shining a light or laser between manholes or manhole locations, or by the use of television cameras 
passed through the pipe.  If, in the judgement of the Contracting Officer, the interior of the pipe shows 
poor alignment or any other defects that would cause improper functioning of the system, the defects 
shall be remedied as directed at no additional cost to the Government. 
 

END OF SECTION 
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SECTION 02531 

 
SANITARY SEWERS 

 
 
1 GENERAL 
 
1.1 REFERENCES 

 
The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only. 
 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 
 

ASTM A 74 (1998) Cast Iron Soil Pipe and Fittings 
 

ASTM C 33 (1993) Concrete Aggregates 
 

ASTM C 94 (1998) Ready-Mixed Concrete 
 

ASTM C 150 (1997) Portland Cement 
 

ASTM C 270 (1997ael) Mortar for Unit Masonry 
 

ASTM C 564 (1997) Rubber Gaskets for Cast Iron Soil Pipe and Fittings 
 

ASTM C 828 (1998) Low-Pressure Air Test of Vitrified Clay Pipe Lines 
 

ASTM C 924 (1989; R 1997) Concrete Pipe Sewer Lines by Low-Pressure 
Air Test Method 

 
ASTM D 1784 (1999) Rigid Poly(Vinyl Chloride) (PVC) Compounds and 

Chlorinated Poly(Vinyl Chloride) (CPVC) Compounds 
 

ASTM D 2680 (1995a)Acrylonitrile-Butadiene-Styrene (ABS) and 
Poly(Vinyl Chloride) (PVC) Composite Sewer Piping 

 
ASTM D 2751 (1996a) Acrylonitrile-Butadiene-Styrene (ABS) Sewer Pipe 

and Fittings 
 

ASTM D 3034 (1998) Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe 
and Fittings 

 
ASTM D 3212 (1996a) Joints for Drain and Sewer Plastic Pipes Using 

Flexible Elastomeric Seals 
 

ASTM F 402 (1993) Safe Handling of Solvent Cements, Primers, and 
Cleaners Used for Joining Thermoplastic Pipe and Fittings 
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AMERICAN WATER WORKS ASSOCIATION (AWWA) 
 

AWWA C110 (1993) Ductile-Iron and Gray-Iron Fittings, 3 In. Through 48 
In. (75 mm through 1200 mm), for Water and Other Liquids 

 
AWWA C111 (1995) Rubber-Gasket Joints for Ductile-Iron Pressure Pipe 

and Fittings 
 

AWWA C151 (1996) Ductile-Iron Pipe, Centrifugally Cast, for Water or 
Other Liquids 

 
NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

 
NFPA 49 (1994) Hazardous Chemicals Data 

 
NFPA 325-1 (1994) Fire Hazard Properties of Flammable Liquids, Gases, 

and Volatile Solids 
 

NFPA 704 (1996) Identification of the Fire Hazards of Materials for 
Emergency Response 

 
UNI-BELL PVC PIPE ASSOCIATION (UBPPA) 

 
UBPPA UNI-B-6 (1990) Recommended Practice for the Low-Pressure Air 

Testing of Installed Sewer Pipe 
 
1.2 GENERAL REQUIREMENTS 
 

The construction required herein shall include appurtenant structures and building sewers to points of 
connection with the building drains 5 feet outside the building to which the sewer system is to be 
connected.  The Contractor shall replace damaged material and redo unacceptable work at no 
additional cost to the Government.  Excavation and backfilling is specified in Section 02316 
EXCAVATION, TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS.  Backfilling 
shall be accomplished after inspection by the Contracting Officer.  Force mains and inverted siphons 
are specified in Section 02532 FORCE MAINS AND INVERTED SIPHONS; SEWER.  Before, 
during, and after installation, plastic pipe and fittings shall be protected from any environment that 
would result in damage or deterioration to the material.  The Contractor shall have a copy of the 
manufacturer's instructions available at the construction site at all times and shall follow these 
instructions unless directed otherwise by the Contracting Officer.  Solvents, solvent compounds, 
lubricants, elastomeric gaskets, and any similar materials required to install the plastic pipe shall be 
stored in accordance with the manufacturer's recommendation and shall be discarded if the storage 
period exceeds the recommended shelf life.  Solvents in use shall be discarded when the recommended 
pot life is exceeded. 

 
1.3 SUBMITTALS 

 
None   
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2 PRODUCTS 
 
2.1 PIPE 
 

Pipe shall conform to the respective specifications and other requirements specified below. 
 
2.1.1 Plastic Pipe 
 

Acrylonitrile-butadiene-styrene (ABS) and polyvinyl chloride (PVC) composite sewer piping shall 
conform to ASTM D 2680.   

 
2.1.1.1 ABS Pipe 
 

ASTM D 2751. 
 
2.1.1.2 PVC Pipe 
 

ASTM D 3034, Type PSM with a maximum SDR of 35, Size 15 inches or less in diameter. PVC shall 
be certified by the compounder as meeting the requirements of ASTM D 1784, cell Class 12454B.  The 
pipe stiffness shall be greater than or equal to 735/D for cohesionless material pipe trench backfills. 

 
2.1.2 Ductile Iron Pipe 
 

Pipe shall conform to AWWA C151 unless otherwise shown or specified. 
 
2.2 REQUIREMENTS FOR FITTINGS 
 

Fittings shall be compatible with the pipe supplied and shall have a strength not less than that of the 
pipe.  Fittings shall conform to the respective specifications and other requirements specified below. 

 
2.2.1 Fittings for Plastic Pipe 
 

ABS and PVC composite sewer pipe fittings shall conform to ASTM D 2680. 
 
2.2.1.1 Fittings for ABS Pipe 
 

ASTM D 2751. 
 
2.2.1.2 Fittings for PVC Pipe 
 

ASTM D 3034 for type PSM pipe.   
 
2.2.2 Fittings for Ductile Iron Pipe 
 

Mechanical fittings shall conform to AWWA C110, rated for 150 psi.  Push-on fittings shall conform 
to AWWA C110 and AWWA C111, rated for 150 psi. 

 
2.2.3 Fittings for Cast Iron Soil Pipe 
 

ASTM A 74. 
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2.3 JOINTS 
 

Joints installation shall comply with the manufacturer's instructions.  Fittings and gaskets utilized for 
waste drains shall be certified by the manufacturer as oil resistant. 

 
2.3.1 Plastic Pipe Jointing 
 

Flexible plastic pipe (PVC or high density polyethylene pipe) gasketed joints shall conform to ASTM 
D 3212. 

 
2.3.1.1 ABS Pipe Jointing 
 

ASTM D 2751, solvent weld or bell and spigot O-ring joint, size 12 inches or less in diameter, 
dimensions and tolerances in accordance with Table 2 of ASTM D 2751. 

 
2.3.2 Ductile Iron Pipe Jointing 
 

Push-on joints shall conform to AWWA C111.  Mechanical joints shall conform to AWWA C111 as 
modified by AWWA C151.  Flanged joints shall conform to AWWA C115. 

 
2.3.3 Cast Iron Soil Pipe Jointing 
 

Rubber gaskets for compression joints shall conform to ASTM C 564.  Packing material for caulked 
joints shall be twisted jute or oakum, tarred type, or asphalt-saturated cellulose-fiber.  Joints for acid 
resisting cast iron soil pipe shall be made with acid resistant non-asbestos packing.  The packing shall 
not contain material which would affect adhesion of the joint sealing material to the pipe.  Lead shall 
be suitable for caulking of joints. 

 
2.4 BRANCH CONNECTIONS 
 

Branch connections shall be made by use of regular fittings or solvent cemented saddles as approved.  
Saddles for ABS and PVC composite pipe shall conform to Figure 2 of ASTM D 2680; saddles for 
ABS pipe shall comply with Table 3 of ASTM D 2751; and saddles for PVC pipe shall conform to 
Table 4 of ASTM D 3034. 

 
2.5 CEMENT MORTAR 
 

Cement mortar shall conform to ASTM C 270, Type M with Type II cement. 
 
2.5.1 Portland Cement 
 

Portland cement shall conform to ASTM C 150, Type II  for concrete used in concrete pipe, concrete 
pipe fittings, and manholes and type optional with the Contractor for cement used in concrete cradle, 
concrete encasement, and thrust blocking. Where aggregates are alkali reactive, as determined by 
Appendix XI of ASTM C 33, a cement containing less than 0.60 percent alkalies shall be used. 

 
2.5.2 Portland Cement Concrete 
 

Portland cement concrete shall conform to ASTM C 94, compressive strength of 4000 psi at 28 days, 
except for concrete cradle and encasement or concrete blocks for manholes.  Concrete used for cradle 

02531-4 



and encasement shall have a compressive strength of 2500 psiminimum at 28 days.  Concrete in place 
shall be protected from freezing and moisture loss for 7 days. 

 
3 EXECUTION 
 
3.1 INSTALLATION 
 
3.1.1 Adjacent Facilities 
 
3.1.1.1 Water Lines 
 

Where the location of the sewer is not clearly defined by dimensions on the drawings, the sewer shall 
not be closer horizontally than 10 feet to a water-supply main or service line, except that where the 
bottom of the water pipe will be at least 12 inches above the top of the sewer pipe, the horizontal 
spacing may be a minimum of 6 feet.  Where gravity-flow sewers cross above water lines, the sewer 
pipe for a distance of 10 feet on each side of the crossing shall be fully encased in concrete or shall be 
acceptable pressure pipe with no joint closer horizontally than 3 feet to the crossing.  The thickness of 
the concrete encasement including that at the pipe joints shall be not less than 4 inches. 

 
3.1.1.2 Roads 
 

Water pipe shall be encased in a sleeve of rigid conduit for the lengths shown. Where sleeves are 
required, in all other cases, the pipe sleeve shall be as specified for storm drains in Section 02630 
STORM-DRAINAGE SYSTEM.  A minimum clearance of at least 2 inches between the inner wall of 
the sleeve and the maximum outside diameter of the sleeved pipe and joints shall be provided.  Sand 
bedding shall be provided for the water pipe through the sleeve. 

 
3.1.1.3 Structural Foundations 
 

Where sewer pipe is to be installed within 3 feet of an existing or proposed building or structural 
foundation such as a retaining wall, control tower footing, water tank footing, or any similar structure, 
the sewer pipe shall be sleeved as specified above.  Contractor shall ensure there is no damage to these 
structures, and no settlement or movement of foundations or footing. 

 
3.1.2 Pipe Laying 
 

a.  Pipe shall be protected during handling against impact shocks and free fall; the pipe interior 
shall be free of extraneous material. 

 
b.  Pipe laying shall proceed upgrade with the spigot ends of bell-and-spigot pipe and tongue 

ends of tongue-and-groove pipe pointing in the direction of the flow.  Each pipe shall be 
laid accurately to the line and grade shown on the drawings.  Pipe shall be laid and centered 
so that the sewer has a uniform invert.  As the work progresses, the interior of the sewer 
shall be cleared of all superfluous materials. 

 
c.  Before making pipe joints, all surfaces of the portions of the pipe to be joined shall be clean 

and dry.  Lubricants, primers, and adhesives shall be used as recommended by the pipe 
manufacturer.  The joints shall then be placed, fitted, joined, and adjusted to obtain the 
degree of water tightness required. 
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d.  ABS composite pipe ends with exposed truss and filler material shall be coated with solvent 
weld material before making the joint to prevent water or air passage at the joint between 
the inner and outer wall of the pipe. 

 
e.  Installations of solvent weld joint pipe, using ABS or PVC pipe and fittings shall be in 

accordance with ASTM F 402.  The Contractor shall ensure adequate trench ventilation and 
protection for workers installing the pipe. 

 
3.1.2.1 Caulked Joints 
 

The packing material shall be well packed into the annular space to prevent the entrance of lead into 
the pipe.  The remainder of the space shall be filled with molten lead that is hot enough to show a rapid 
change in color when stirred.  Scum shall be removed before pouring.  The lead shall be caulked to 
form a tight joint without overstraining the bell and shall have a minimum depth of 1 inch after 
caulking. 

 
3.1.2.2 Trenches 
 

Trenches shall be kept free of water and as dry as possible during bedding, laying, and jointing and for 
as long a period as required.  When work is not in progress, open ends of pipe and fittings shall be 
satisfactorily closed so that no trench water or other material will enter the pipe or fittings. 

 
3.1.2.3 Backfill 
 

As soon as possible after the joint is made, sufficient backfill material shall be placed along the pipe to 
prevent pipe movement off line or grade.  Plastic pipe shall be completely covered to prevent damage 
from ultraviolet light. 

 
3.1.2.4 Width of Trench 
 

If the maximum width of the trench at the top of the pipe, as specified in Section 02316 
EXCAVATION, TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS, is exceeded for 
any reason other than by direction, the Contractor shall install, at no additional cost to the Government, 
concrete cradling, pipe encasement, or other bedding required to support the added load of the backfill. 

 
3.1.2.5 Jointing 
 

Joints between different pipe materials shall be made as specified, using approved jointing materials. 
 
3.1.2.6 Handling and Storage 
 

Pipe, fittings and joint material shall be handled and stored in accordance with the manufacturer's 
recommendations.  Storage facilities for plastic pipe, fittings, joint materials and solvents shall be 
classified and marked in accordance with NFPA 704, with classification as indicated in NFPA 49 and 
NFPA 325-1. 

 
3.1.3 Leakage Tests 
 

Lines shall be tested for leakage by low pressure air testing, infiltration tests or exfiltration tests, as 
appropriate. Low pressure air testing for PVC pipe shall be as prescribed in UBPPA UNI-B-6.  Low 
pressure air testing procedures for other pipe materials shall use the pressures and testing times 

02531-6 



prescribed in ASTM C 828 and ASTM C 924, after consultation with the pipe manufacturer.  Prior to 
infiltration or exfiltration tests, the trench shall be backfilled up to at least the lower half of the pipe.  If 
required, sufficient additional backfill shall be placed to prevent pipe movement during testing, leaving 
the joints uncovered to permit inspection.  Visible leaks encountered shall be corrected regardless of 
leakage test results.  When the water table is 2 feet or more above the top of the pipe at the upper end 
of the pipeline section to be tested, infiltration shall be measured using a suitable weir or other device 
acceptable to the Contracting Officer.  When the Contracting Officer determines that infiltration cannot 
be properly tested, an exfiltration test shall be made by filling the line to be tested with water so that a 
head of at least 2 feet is provided above both the water table and the top of the pipe at the upper end of 
the pipeline to be tested.  The filled line shall be allowed to stand until the pipe has reached its 
maximum absorption, but not less than 4 hours.  After absorption, the head shall be re-established.  The 
amount of water required to maintain this water level during a 2-hour test period shall be measured. 
Leakage as measured by either the infiltration test or exfiltration test shall not exceed 25 gal per inch 
diameter per mile of pipeline per day.  When leakage exceeds the maximum amount specified, 
satisfactory correction shall be made and retesting accomplished.  Testing, correction, and retesting 
shall be made at no additional cost to the Government. 

 
3.2 INSTALLATION OF WYE BRANCHES 
 

Wye branches shall be installed where sewer connections are indicated or where directed.  Cutting into 
piping for connections shall not be done except in special approved cases.  When the connecting pipe 
cannot be adequately supported on undisturbed earth or tamped backfill, the pipe shall be encased in 
concrete backfill or supported on a concrete cradle as directed.  Concrete required because of 
conditions resulting from faulty construction methods or negligence by the Contractor shall be installed 
at no additional cost to the Government.  The installation of wye branches in an existing sewer shall be 
made by a method which does not damage the integrity of the existing sewer.   

 
3.3 CONNECTING TO EXISTING MANHOLES 
 

Pipe connections to existing manholes shall be made so that finish work will conform as nearly as 
practicable to the applicable requirements specified for new manholes, including all necessary concrete 
work, cutting, and shaping.  The connection shall be centered on the manhole.  Holes for the new pipe 
shall be of sufficient diameter to allow packing cement mortar around the entire periphery of the pipe 
but no larger than 1.5 times the diameter of the pipe.  Cutting the manhole shall be done in a manner 
that will cause the least damage to the walls. 

 
3.4 BUILDING CONNECTIONS 
 

Building connections shall include the lines to and connection with the building waste drainage piping 
at a point approximately 5 feet outside the building, unless otherwise indicated.  Where building drain 
piping is not installed, the Contractor shall terminate the building connections approximately 5 feet 
from the site of the building at a point and in a manner designated. 

 
3.5 CLEANOUTS AND OTHER APPURTENANCES 
 

Cleanouts and other appurtenances shall be installed where shown on the drawings or as directed by the 
Contracting Officer, and shall conform to the detail of the drawings. 
 

END OF SECTION 
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SECTION 03307 
 

CONCRETE 
 
1 GENERAL 
 
1.1 REFERENCES 

 
The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only. 

 
ACI INTERNATIONAL (ACI) 

 
ACI 308 (1992) Standard Practice for Curing Concrete 

 
ACI 318/318R (1992) Building Code Requirements for Reinforced Concrete 

 
ACI 347R (1994) Formwork for Concrete 

 
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

 
ASTM A 185 (1994) Steel Welded Wire Fabric, Plain, for Concrete 

Reinforcement 
 

ASTM A 615 (1995a) Deformed and Plain Billet-Steel Bars for Concrete 
Reinforcement 

 
ASTM C 31 (1991) Making and Curing Concrete Test Specimens in the 

Field 
 

ASTM C 33 (1993) Concrete Aggregate 
 

ASTM C 39 (1993) Compressive Strength of Cylindrical Concrete 
Specimens 

 
ASTM C 94 (1994) Ready-Mixed Concrete 

 
ASTM C 143 (1990a) Slump of Hydraulic Cement Concrete 

 
ASTM C 150 (1995) Portland Cement 

 
ASTM C 171 (1992) Sheet Materials for Curing Concrete 

 
ASTM C 172 (1990) Sampling Freshly Mixed Concrete 

 
ASTM C 231 (1991b) Air Content of Freshly Mixed Concrete by the 

Pressure Method 
 

ASTM C 260 (1994) Air-Entraining Admixtures for Concrete 
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ASTM C 309 (1994) Liquid Membrane-Forming Compounds for Curing 

Concrete 
 

ASTM C 494 (1992) Chemical Admixtures for Concrete 
 

ASTM C 595 (1994a) Blended Hydraulic Cements 
 

ASTM D 75 (1987; R 1992) Sampling Aggregates 
 

ASTM D 98 (1993) Calcium Chloride 
 

ASTM D 1752 (1984; R 1992) Preformed Sponge Rubber and Cork 
Expansion Joint Fillers for Concrete Paving and Structural 
Construction 

 
ASTM E 96 (1995) Water Vapor Transmission of Materials 

 
CORPS OF ENGINEERS (COE) 

 
COE CRD-C 400 (1963) Requirements for Water for Use in Mixing or Curing 

Concrete 
 
1.2 SUBMITTALS 

 
Government approval is required for submittals with a "G" designation; submittals not having a "G" 
designation are for information only.  When used, a designation following the "G" designation 
identifies the office that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-03 Product Data 

 
Air-Entraining Admixture;  
Accelerating Admixture;  
Water-Reducing or Retarding Admixture;  
Curing Materials;  
Reinforcing Steel;  
Expansion Joint Filler Strips, Premolded;  

 
  Manufacturer's literature is available from suppliers which demonstrates compliance with 
applicable specifications for the above materials. 

 
SD-06 Test Reports 

 
Concrete Mixture Proportions;  

 
  Ten days prior to placement of concrete, the contractor shall submit the mixture 
proportions that will produce concrete of the quality required.  Applicable test reports shall 
be submitted to verify that the concrete mixture proportions selected will produce concrete 
of the quality specified. 
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SD-07 Certificates 
 

Cementitious Materials; 
 

  Certificates of compliance attesting that the concrete materials meet the requirements of 
the specifications shall be submitted in accordance with the Special Clause 
"CERTIFICATES OF COMPLIANCE".  Cementitious material will be accepted on the 
basis of a manufacturer's certificate of compliance, accompanied by mill test reports that the 
material(s) meet the requirements of the specification under which it is furnished. 

 
Aggregates;  

 
  Aggregates will be accepted on the basis of certificates of compliance and tests reports that 
show the material(s) meet the quality and grading requirements of the specifications under 
which it is furnished. 

 
1.3 DESIGN AND PERFORMANCE REQUIREMENTS 
 

The Government will maintain the option to sample and test concrete to determine compliance with the 
specifications.  The Contractor shall provide facilities and labor as may be necessary to assist the 
Government in procurement of representative test samples. Concrete will be sampled in accordance 
with ASTM C 172.  Slump and air content will be determined in accordance with ASTM C 143 and 
ASTM C 231, respectively, when cylinders are molded. Samples for strength tests will be taken not 
less than once each shift in which concrete is produced. A minimum of three specimens will be made 
from each sample; two will be tested at 28 days for acceptance, and one will be tested at 7 days for 
information. 

 
1.3.1 Strength 
 

Acceptance test results will be the average strengths of two specimens tested at 28 days.  The strength 
of the concrete will be considered satisfactory so long as the average of three consecutive acceptance 
test results equal or exceed the specified compressive strength, f'c, and no individual acceptance test 
result falls below f'c by more than 500 psi. 

 
1.3.2 Construction Tolerances 
 

A Class "C" finish shall apply to all surfaces except those specified to receive a Class "D" finish.  A 
Class "D" finish shall apply to all surfaces which will be permanently concealed after construction.  
The surface requirements for the classes of finish required shall be as specified in ACI 347R. 

 
1.3.3 Concrete Mixture Proportions 
 

Concrete mixture proportions shall be the responsibility of the Contractor.  Mixture proportions shall 
include the dry weights of cementitious material(s); the nominal maximum size of the coarse 
aggregate; the specific gravities, absorptions, and saturated surface-dry weights of fine and coarse 
aggregates; the quantities, types, and names of admixtures; and quantity of water per cubic yard of 
concrete.  All materials included in the mixture proportions shall be of the same type and from the 
same source as will be used on the project.  Specified compressive strength f'c shall be 3,000 psi at 28 
days.  The maximum nominal size coarse aggregate shall be 3/4 inch in accordance with ACI 
318/318R.  The air content shall be between 4.5 and 7.5 percent.  The slump shall be between 2 and 5 
inches.   
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2 PRODUCTS 
 
2.1 MATERIALS 
 
2.1.1 Cementitious Materials 
 

Cementitious materials shall conform to the appropriate specifications listed: 
 
2.1.1.1 Portland Cement 

 
ASTM C 150, Type I.  

 
2.1.2 Aggregates 
 

Aggregates shall meet the quality and grading requirements of ASTM C 33 Class Designations 4M or 
better. 

 
2.1.3 Admixtures 
 

Admixtures to be used, when required or approved, shall comply with the appropriate specification 
listed.  Chemical admixtures that have been subjected to freezing shall be retested at the expense of the 
contractor at the request of the Contracting Officer and shall be rejected if test results are not 
satisfactory. 

 
2.1.3.1 Air-Entraining Admixture 
 

Air-entraining admixture shall meet the requirements of ASTM C 260. 
 
2.1.3.2 Accelerating Admixture 
 

Calcium chloride shall meet the requirements of ASTM D 98.  Other accelerators shall meet the 
requirements of ASTM C 494, Type C or E. 

 
2.1.3.3 Water-Reducing or Retarding Admixture 
 

Water-reducing or retarding admixture shall meet the requirements of ASTM C 494, Type A, B, or D. 
 
2.1.4 Water 
 

Water for mixing and curing shall be fresh, clean, potable, and free from injurious amounts of oil, acid, 
salt, or alkali, except that unpotable water may be used if it meets the requirements of COE CRD-C 
400. 

 
2.1.5 Reinforcing Steel 
 

Reinforcing steel bar shall conform to the requirements of ASTM A 615/A 615M, Grade 60.  Welded 
steel wire fabric shall conform to the requirements of ASTM A 185.  Details of reinforcement not 
shown shall be in accordance with ACI 318/318R, Chapters 7 and 12. 
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2.1.6 Expansion Joint Filler Strips, Premolded 
 

Expansion joint filler strips, premolded shall be sponge rubber conforming to ASTM D 1752, Type I. 
 
2.1.7 Formwork 
 

The design and engineering of the formwork as well as its construction, shall be the responsibility of 
the Contractor. 

 
2.1.8 Form Coatings 
 

Forms for exposed surfaces shall be coated with a nonstaining form oil, which shall be applied shortly 
before concrete is placed. 

 
2.1.9 Vapor Barrier 
 

Vapor barrier shall be polyethylene sheeting with a minimum thickness of 6 mils or other equivalent 
material having a vapor permeance rating not exceeding 0.5 perms as determined in accordance with 
ASTM E 96. 

 
2.1.10 Curing Materials 
 

Curing materials shall conform to the following requirements. 
 
2.1.10.1 Impervious Sheet Materials 
 

Impervious sheet materials, ASTM C 171, type optional, except polyethylene film, if used, shall be 
white opaque. 

 
2.1.10.2 Membrane-Forming Curing Compound 
 

ASTM C 309, Type 1-D or 2, Class A. 
 
3 EXECUTION 
 
3.1 PREPARATION 
 
3.1.1 General 
 

Construction joints shall be prepared to expose coarse aggregate, and the surface shall be clean, damp, 
and free of laitance.  Ramps and walkways, as necessary, shall be constructed to allow safe and 
expeditious access for concrete and workmen.  Snow, ice, standing or flowing water, loose particles, 
debris, and foreign matter shall have been removed.  Earth foundations shall be satisfactorily 
compacted.  Spare vibrators shall be available.  The entire preparation shall be accepted by the 
Government prior to placing. 

 
3.1.2 Embedded Items 
 

Reinforcement shall be secured in place; joints, anchors, and other embedded items shall have been 
positioned.  Internal ties shall be arranged so that when the forms are removed all metal will be not less 
than 2 inches from concrete surfaces permanently exposed to view or exposed to water on the finished 
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structures.  Embedded items shall be free of oil and other foreign matters such as loose coatings or rust, 
paint, and scale.  The embedding of wood in concrete will be permitted only when specifically 
authorized or directed.  All equipment needed to place, consolidate, protect, and cure the concrete shall 
be at the placement site and in good operating condition. 

 
3.1.3 Formwork Installation 
 

Forms shall be properly aligned, adequately supported, and mortar-tight.  The form surfaces shall be 
smooth and free from irregularities, dents, sags, or holes when used for permanently exposed faces.  
All exposed joints and edges shall be chamfered, unless otherwise indicated. 

 
3.1.4 Vapor Barrier Installation 
 

Vapor barriers shall be applied over gravel fill.  Edges shall be lapped not less than 6 inches.  All joints 
shall be sealed with pressure-sensitive adhesive not less than 2 inches wide.  The vapor barrier shall be 
protected at all times to prevent injury or displacement prior to and during concrete placement. 

 
3.1.5 Production of Concrete 
 
3.1.5.1 Ready-Mixed Concrete 
 

Ready-mixed concrete shall conform to ASTM C 94 except as otherwise specified.  
 
3.2 CONVEYING AND PLACING CONCRETE 
 

Conveying and placing concrete shall conform to the following requirements. 
 
3.2.1 General 
 

Concrete placement shall not be permitted when weather conditions prevent proper placement and 
consolidation without approval.  When concrete is mixed and/or transported by a truck mixer, the 
concrete shall be delivered to the site of the work and discharge shall be completed within 1-1/2 hours 
or 45 minutes when the placing temperature is 85 degrees F or greater unless a retarding admixture is 
used.  Concrete shall be conveyed from the mixer to the forms as rapidly as practicable by methods 
which prevent segregation or loss of ingredients.  Concrete shall be in place and consolidated within 15 
minutes after discharge from the mixer.  Concrete shall be deposited as close as possible to its final 
position in the forms and be so regulated that it may be effectively consolidated in horizontal layers 18 
inches or less in thickness with a minimum of lateral movement.  The placement shall be carried on at 
such a rate that the formation of cold joints will be prevented. 

 
3.2.2 Consolidation 
 

Each layer of concrete shall be consolidated by rodding, spading, or internal vibrating equipment.  
Internal vibration shall be systematically accomplished by inserting the vibrator through the fresh 
concrete in the layer below at a uniform spacing over the entire area of placement.  The distance 
between insertions shall be approximately 1.5 times the radius of action of the vibrator and overlay the 
adjacent, just-vibrated area by a few inches.  The vibrator shall penetrate rapidly to the bottom of the 
layer and at least 6 inches into the layer below, if such a layer exists.  It shall be held stationary until 
the concrete is consolidated and then withdrawn slowly at the rate of about 3 inches per second. 
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3.2.3 Cold-Weather Requirements 
 

No concrete placement shall be made when the ambient temperature is below 35 degrees F or if the 
ambient temperature is below 40 degrees F and falling.  Suitable covering and other means as approved 
shall be provided for maintaining the concrete at a temperature of at least 50 degrees F for not less than 
72 hours after placing and at a temperature above freezing for the remainder of the curing period.  Salt, 
chemicals, or other foreign materials shall not be mixed with the concrete to prevent freezing.  Any 
concrete damaged by freezing shall be removed and replaced at the expense of the contractor. 

 
3.2.4 Hot-Weather Requirements 
 

When the rate of evaporation of surface moisture, as determined by use of Figure 1 of ACI 308, is 
expected to exceed 0.2 pound per square foot per hour, provisions for windbreaks, shading, fog 
spraying, or covering with a light-colored material shall be made in advance of placement, and such 
protective measures shall be taken as quickly as finishing operations will allow. 

 
3.3 FORM REMOVAL 
 

Forms shall not be removed before the expiration of 24 hours after concrete placement except where 
otherwise specifically authorized.  Supporting forms and shoring shall not be removed until the 
concrete has cured for at least 5 days.  When conditions on the work are such as to justify the 
requirement, forms will be required to remain in place for longer periods. 

 
3.4 FINISHING 
 
3.4.1 General 
 

No finishing or repair will be done when either the concrete or the ambient temperature is below 50 
degrees F. 

 
3.4.2 Finishing Formed Surfaces 
 

All fins and loose materials shall be removed, and surface defects including tie holes shall be filled.  
All honeycomb areas and other defects shall be repaired.  All unsound concrete shall be removed from 
areas to be repaired.  Surface defects greater than 1/2 inch in diameter and holes left by removal of tie 
rods in all surfaces not to receive additional concrete shall be reamed or chipped and filled with dry-
pack mortar.  The prepared area shall be brush-coated with an approved epoxy resin or latex bonding 
compound or with a neat cement grout after dampening and filled with mortar or concrete.  The cement 
used in mortar or concrete for repairs to all surfaces permanently exposed to view shall be a blend of 
portland cement and white cement so that the final color when cured will be the same as adjacent 
concrete. 

 
3.4.3 Finishing Unformed Surfaces 
 

All unformed surfaces that are not to be covered by additional concrete or backfill shall be float 
finished to elevations shown, unless otherwise specified.  Surfaces to receive additional concrete or 
backfill shall be brought to the elevations shown and left as a true and regular surface.  Exterior 
surfaces shall be sloped for drainage unless otherwise shown.  Joints shall be carefully made with a 
jointing tool.  Unformed surfaces shall be finished to a tolerance of 3/8 inch for a float finish and 5/16 
inch for a trowel finish as determined by a 10 foot straightedge placed on surfaces shown on the plans 
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to be level or having a constant slope.  Finishing shall not be performed while there is excess moisture 
or bleeding water on the surface.  No water or cement shall be added to the surface during finishing. 

 
3.4.3.1 Float Finish 
 

Surfaces to be float finished shall be screeded and darbied or bullfloated to eliminate the ridges and to 
fill in the voids left by the screed.  In addition, the darby or bullfloat shall fill all surface voids and only 
slightly embed the coarse aggregate below the surface of the fresh concrete.  When the water sheen 
disappears and the concrete will support a person's weight without deep imprint, floating should be 
completed.  Floating should embed large aggregates just beneath the surface, remove slight 
imperfections, humps, and voids to produce a plane surface, compact the concrete, and consolidate 
mortar at the surface. 

 
3.4.3.2 Trowel Finish 
 

A trowel finish shall be applied where indicated.  Trowelling shall be done immediately following 
floating to provide a smooth, even, dense finish free from blemishes including trowel marks.  Finished 
surfaces shall be protected from damage during the construction period. 

 
3.4.3.3 Broom Finish 
 

A broom finish shall be applied where indicated. The concrete shall be screeded and floated to required 
finish plane with no coarse aggregate visible.  After surface moisture disappears, the surface shall be 
broomed or brushed with a broom or fiber bristle brush in a direction transverse to that of the main 
traffic or as directed. 

 
3.4.3.4 Expansion and Contraction Joints 
 

Expansion and contraction joints shall be made in accordance with the details shown or as otherwise 
specified.  Provide 1/2 inch thick transverse expansion joints where new work abuts an existing 
concrete.  Expansion joints shall be provided at a maximum spacing of 30 feet on center in sidewalks 
and at a maximum spacing of 25 feet in slabs, unless otherwise indicated.  Contraction joints shall be 
provided at a maximum spacing of 6 linear feet in sidewalks and at a maximum spacing of 15 feet in 
slabs, unless otherwise indicated.  Contraction joints shall be cut at a minimum of 1 inch deep with a 
jointing tool after the surface has been finished. 

 
3.5 CURING AND PROTECTION 
 

Beginning immediately after placement and continuing for at least 7 days, all concrete shall be cured 
and protected from premature drying, extremes in temperature, rapid temperature change, freezing, 
mechanical damage, and exposure to rain or flowing water.  All materials and equipment needed for 
adequate curing and protection shall be available and at the site of the placement prior to the start of 
concrete placement.  Preservation of moisture for concrete surfaces not in contact with forms shall be 
accomplished by one of the following methods: 

 
a.  Continuous sprinkling or ponding. 

 
b.  Application of absorptive mats or fabrics kept continuously wet. 

 
c.  Application of sand kept continuously wet. 
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d.  Application of impervious sheet material conforming to ASTM C 171. 
 

e.  Application of membrane-forming curing compound conforming to ASTM C 309, Type 1-D, 
on surfaces permanently exposed to view and Type 2 on other surfaces shall be accomplished in 
accordance with manufacturer's instructions. 

 
The preservation of moisture for concrete surfaces placed against wooden forms shall be accomplished 
by keeping the forms continuously wet for 7 days If forms are removed prior to end of the required 
curing period, other curing methods shall be used for the balance of the curing period.  During the 
period of protection removal, the temperature of the air in contact with the concrete shall not be 
allowed to drop more than 25 degrees F within a 24 hour period. 

 
3.6 TESTS AND INSPECTIONS 
 
3.6.1 General 
 

The individuals who sample and test concrete as required in this specification shall have demonstrated 
a knowledge and ability to perform the necessary test procedures equivalent to the ACI minimum 
guidelines for certification of Concrete Field Testing Technicians, Grade I. 

 
3.6.2 Inspection Details and Frequency of Testing 
 
3.6.2.1 Preparations for Placing 
 

Foundation or construction joints, forms, and embedded items shall be inspected in sufficient time prior 
to each concrete placement by the Contractor to certify that it is ready to receive concrete. 

 
3.6.2.2 Air Content 
 

Air content shall be checked at least once during each shift that concrete is placed.  Samples shall be 
obtained in accordance with ASTM C 172 and tested in accordance with ASTM C 231. 

 
3.6.2.3 Slump 
 

Slump shall be checked once during each shift that concrete is produced. Samples shall be obtained in 
accordance with ASTM C 172 and tested in accordance with ASTM C 143. 

 
3.6.2.4 Consolidation and Protection 
 

The Contractor shall ensure that the concrete is properly consolidated, finished, protected, and cured. 
 
3.6.3 Action Required 
 
3.6.3.1 Placing 
 

The placing foreman shall not permit placing to begin until he has verified that an adequate number of 
acceptable vibrators, which are in working order and have competent operators, are available.  Placing 
shall not be continued if any pile is inadequately consolidated. 
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3.6.3.2 Air Content 
 

Whenever a test result is outside the specification limits, the concrete shall not be delivered to the 
forms and an adjustment shall be made to the dosage of the air-entrainment admixture. 

 
3.6.3.3 Slump 
 

Whenever a test result is outside the specification limits, the concrete shall not be delivered to the 
forms and an adjustment should be made in the batch weights of water and fine aggregate.  The 
adjustments are to be made so that the water-cement ratio does not exceed that specified in the 
submitted concrete mixture proportion. 

 
3.6.4 Reports 
 

The results of all tests and inspections conducted at the project site shall be reported informally at the 
end of each shift and in writing weekly and shall be delivered within 3 days after the end of each 
weekly reporting period.  See Section 01451 CONTRACTOR QUALITY CONTROL. 

 
 

END OF SECTION 
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SECTION 06100 
 

ROUGH CARPENTRY 
 
1 GENERAL 

 
1.1 REFERENCES 

 
The publications listed below form a part of this specification to the extent referenced.  The publications 
are referred to in the text by basic designation only. 
 

AMERICAN FOREST & PAPER ASSOCIATION (AF&PA) 
 

AF&PA T01 (1991; Supple 1993; Addenda Apr 1997; Supple T02) 
National Design Specification for Wood Construction 

 
AF&PA T11 (1988) Manual for Wood Frame Construction 

 
AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

 
ANSI A208.1 (1999) Particleboard Mat Formed Woods 

 
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

 
ASTM A 307 (1997) Carbon Steel Bolts and Studs, 60 000 PSI Tensile 

Strength 
 

ASTM C 516 (1980; R 1996el) Vermiculite Loose Fill Thermal Insulation 
 

ASTM C 518 (1998) Steady-State Heat Flux Measurements and Thermal 
Transmission Properties By Means of the Heat Flow Meter 
Apparatus 

 
ASTM C 549 (1981; R 1995e1) Perlite Loose Fill Insulation 

 
ASTM C 553 (1992) Mineral Fiber Blanket Thermal Insulation for 

Commercial and Industrial Applications 
 

ASTM C 665 (1998) Mineral-Fiber Blanket Thermal Insulation for Light 
Frame Construction and Manufactured Housing 

 
ASTM C 764 (1998) Mineral Fiber Loose-Fill Thermal Insulation 

 
ASTM C 1136 (1995) Flexible, Low Permeance Vapor Retarders for 

Thermal Insulation 
 

ASTM E 84 (1999) Surface Burning Characteristics of Building Materials 
 

ASTM E 96 (1995) Water Vapor Transmission of Materials 
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ASTM E 154 (1988; R 1999) Water Vapor Retarders Used in Contact with 

Earth Under Concrete Slabs, on Walls, or as Ground Cover 
 

ASTM F 547 (1977; R 1995) Definitions of Terms Relating to Nails for 
Use with Wood and Wood-Base Materials 

 
AMERICAN WOOD-PRESERVERS' ASSOCIATION (AWPA) 

 
AWPA C2 (1995) Lumber, Timber, Bridge Ties and Mine Ties - 

Preservative Treatment by Pressure Processes 
 

AWPA C9 (1997) Plywood - Preservative Treatment by Pressure 
Processes 

 
AWPA M4 (1996) Standard for the Care of Preservative-Treated Wood 

Products 
 

AWPA P5 (1997) Standards for Waterborne Preservatives 
 

APA - THE ENGINEERED WOOD ASSOCIATION (APA) 
 

APA PRP-108 (1980; Rev Jan 1996) Performance Standards and Policies for 
Structural-Use Panels  

 
DEPARTMENT OF COMMERCE (DOC) 

 
DOC PS 1 (1996) Voluntary Product Standard - Construction and 

Industrial Plywood 
 

DOC PS 2 (1992) Performance Standards for Wood-Based Structural-
Use Panels 

 
TRUSS PLATE INSTITUTE (TPI) 

 
TPI 1 (1995; Errata) National Design Standard for Metal Plate-

Connected Wood Truss Construction and Commentary; and 
Apendix 1 

 
TPI Bklet HIB (1991) Handling, Installing & Bracing Metal Plate Connected 

Wood Trusses 
 

WEST COAST LUMBER INSPECTION BUREAU (WCLIB) 
 

WCLIB Std 17 (1996; Supples VII(A-E), VIII(A-C)) Grading Rules for West 
Coast Lumber 

 
WESTERN WOOD PRODUCTS ASSOCIATION (WWPA) 

 
WWPA Grading Rules (1999) Western Lumber Grading Rules 95 
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1.2 SUBMITTALS 
 

Government approval is required for submittals with a "G" designation; submittals not having a "G" 
designation are for information only.  When used, a designation following the "G" designation 
identifies the office that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-02 Shop Drawings 

 
Structural Wood Members;  
Installation of Framing;  

 
  Drawings of fabricated wood trusses, engineered wood joists and rafters, and other 
fabricated structural members indicating materials, shop fabrication, and field erection 
details; including methods of fastening. 

 
1.3 DELIVERY AND STORAGE 
 

Materials shall be delivered to the site in undamaged condition, stored off ground in fully covered, well 
ventilated areas, and protected from extreme changes in temperature and humidity.   

 
2 PRODUCTS 
 
2.1 LUMBER AND SHEATHING 
 
2.1.1 Grading and Marking 
 
2.1.1.1 Lumber Products 
 

Solid sawn and finger-jointed lumber shall bear an authorized gradestamp or grademark recognized by 
ALSC, or an ALSC recognized certification stamp, mark, or hammerbrand.  Surfaces that are to be 
exposed to view shall not bear grademarks, stamps, or any type of identifying mark.  Hammer marking 
will be permitted on timbers when all surfaces will be exposed to view. 

 
2.1.1.2 Plywood and Other Sheathing Products 
 

Materials shall bear the grademark or other identifying marks indicating grades of material and rules or 
standards under which produced, including requirements for qualifications and authority of the 
inspection organization.  Except for plywood and wood structural panels, bundle marking will be 
permitted in lieu of marking each individual piece.  Surfaces that are to be exposed to view shall not 
bear grademarks or other types of identifying marks. 

 
2.1.2 Sizes 
 

Lumber and material sizes shall conform to requirements of the rules or standards under which 
produced.  Unless otherwise specified, lumber shall be surfaced on four sides.  Unless otherwise 
specified, sizes indicated are nominal sizes, and actual sizes shall be within manufacturing tolerances 
allowed by the standard under which the product is produced. 
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2.1.3 Treatment 
 

Exposed areas of treated wood that are cut or drilled after treatment shall receive a field treatment in 
accordance with AWPA M4.  Items of all-heart material of cedar, cypress, or redwood will not require 
preservative treatment, except when in direct contact with soil.  Except as specified for all-heart 
material of the previously mentioned species, the following items shall be treated: 

 
     a.  Wood members in contact with or within 18 inches of soil. 

 
     b.  Wood members in contact with water. 

 
     c.  Wood members exposed to the weather including those used in builtup roofing systems or as 
nailing strips or nailers over fiberboard or gypsum-board wall sheathing as a base for wood siding. 

 
     d.  Wood members set into concrete regardless of location, including flush-with-deck wood nailers 
for roofs. 

 
     e.  Wood members in contact with concrete that is in contact with soil or water or that is exposed to 
weather. 

 
2.1.3.1 Lumber and Timbers 
 

Lumber and timbers shall be treated in accordance with AWPA C2 with waterborne preservatives 
listed in AWPA P5 to a retention level as follows: 

 
     a.  0.25 pcf intended for above ground use. 

 
     b.  0.40 pcf intended for ground contact and fresh water use. 

 
2.1.4 Moisture Content 
 

At the time lumber and other materials are delivered and when installed in the work their moisture 
content shall be as follows: 

 
     a.  Treated and Untreated Lumber Except Roof Planking:  4 inches or less, nominal thickness, 19 
percent maximum. 5 inches or more, nominal thickness, 23 percent maximum in a 3 inch perimeter of 
the timber cross-section. 

 
     b.  Roof Planking:  15 percent maximum. 

 
     c.  Materials Other Than Lumber:  In accordance with standard under which product is produced. 

 
2.1.5 Structural Wood Members 
 

Species and grades shall be as listed in AF&PA T01.  Structural lumber used in fabrication of bolted 
trusses and other fabricated structural members for engineered uses, except laminated members, shall 
have allowable design values of 1050 psi in bending; 700 psi in tension parallel to the grain; 300 psi in 
compression perpendicular to the grain; 300 psi in compression parallel to the grain; 60 psi in 
horizontal shear; and a modulus of elasticity of 1,200,000 psi.  Joists, rafters including trussed type, 
decking, and headers shall have design values of 1200 psi in bending for repetitive member uses.  
Design of members and fastenings shall conform to AITC TC Manual.  Other stress graded or 
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dimensioned items such as blocking, carriages, and studs shall be standard or No. 2 grade except that 
studs may be Stud grade. 

 
2.1.5.1 Trussed Rafters 
 

As an option to standard rafters, trussed rafters may be provided.  The design shall be as indicated.  
Connections shall be made with light-metal plate-connectors.  Light-metal-plate-connected wood 
trusses shall be designed and fabricated in conformance with TPI 1.  When new plate configuration is 
proposed, load testing of trusses is required and shall conform to Appendix D of TPI 1. 

 
2.1.6 Sheathing 
 

Sheathing shall be plywood.  
 
2.1.6.1 Plywood 
 

Plywood shall conform to DOC PS 1, APA PRP-108 or DOC PS 2, Grade C-D or sheathing grade with 
exterior glue.  Sheathing for roof and walls without corner bracing of framing shall have a span rating 
of 16/0 or greater for supports 16 inches on center and a span rating of 24/0 or greater for supports 24 
inches on center. 

 
2.1.7 Subflooring 
 
2.1.7.1 Plywood 
 

Plywood shall conform to DOC PS 1, APA PRP-108 or DOC PS 2; Grade C-D or Sheathing grade 
with exterior glue for uses not otherwise specified; Grade C-D or sheathing grade with exterior glue for 
reception of underlayment or wood flooring; underlayment grade with exterior glue, or C-C (plugged) 
exterior grade for use as a combination subfloor-underlayment under resilient flooring.  Minimum span 
rating for subflooring shall be 24/16 for supports 16 inches on center, and 48/24 for supports 24 inches 
on center.  Minimum span rating for combination subfloor-underlayment shall be 16/O for supports 16 
inches on center and 24/O for supports at 24 inches on center. 

 
2.1.7.2 Wood Structural Panels 
 

Rated wood structural panels shall be qualified for subflooring or combination subfloor-underlayment 
under APA PRP-108 or DOC PS 2.  Subflooring shall be rated sheathing with a span rating of 24/16 or 
greater for supports 16 inches on center and shall have span rating of 48/24 or greater for supports 24 
inches on center.  Combination subfloor-underlayment shall have a span rating of 16/O or greater for 
supports 16 inches on center and shall have span rating for 24/O or greater for supports 24 inches on 
center. 

 
2.1.8 Underlayment 
 

Underlayment shall conform to one of the following: 
 
2.1.8.1 Particleboard 
 

ANSI A208.1, Grade 1-M-1, 1/4 inch thick, 4 x 4 feet. 
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2.1.8.2 Plywood 
 

Plywood shall conform to DOC PS 1, underlayment grade with exterior glue, or C-C (Plugged) exterior 
grade 11/32 inch thick, 4 feet wide. 

 
2.1.9 Miscellaneous Wood Members 
 
2.1.9.1 Nonstress Graded Members 
 

Members shall include bridging, corner bracing, furring, grounds, and nailing strips.  Members shall be 
in accordance with TABLE I for the species used.  Sizes shall be as follows unless otherwise shown: 

 
       Member                               Size (inch) 
      _________                            _____________ 
 
    Bridging                      1 x 3 or 1 x 4 for use between members 
                                        2 x 12 and smaller; 2 x 4 for use 
                                         between members larger than 2 x 12. 
 
    Corner bracing             1 x 4. 
 
    Furring                         1 x 2 or 3. 
 
    Nailing strips                1 x 3 or 1 x 4 when used as shingle 
                                          base or interior finish, otherwise 
                                          2 inch stock. 
 
2.1.9.2 Sill Plates 
 

Sill plates shall be standard or number 2 grade. 
 
2.1.9.3 Blocking 
 

Blocking shall be standard or number 2 grade. 
 
2.1.9.4 Rough Bucks and Frames 
 

Rough bucks and frames shall be straight standard or number 2 grade. 
 
2.2 ACCESSORIES AND NAILS 
 

Markings shall identify both the strength grade and the manufacturer.  Accessories and nails shall 
conform to the following: 

 
2.2.1 Anchor Bolts 
 

ASTM A 307, size as indicated, complete with nuts and washers. 
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2.2.2 Bolts:  Lag, Toggle, and Miscellaneous Bolts and Screws 
 

Type, size, and finish best suited for intended use.  Finish options include zinc compounds, cadmium, 
and aluminum paint impregnated finishes. 

 
2.2.3 Clip Angles 
 

Steel, 3/16 inch thick, size best suited for intended use; or zinc-coated steel or iron commercial clips 
designed for connecting wood members. 

 
2.2.4 Expansion Shields 
 

Type and size best suited for intended use. 
 
2.2.5 Metal Bridging 
 

Optional to wood bridging; zinc-coated steel, size and design to provide rigidity equivalent to specified 
wood bridging. 

 
2.2.6 Nails and Staples 
 

ASTM F 547, size and type best suited for purpose; staples shall be as recommended by the 
manufacturer of the materials to be joined.  For sheathing and subflooring, length of nails shall be 
sufficient to extend 1 inch into supports.  In general, 8-penny or larger nails shall be used for nailing 
through 1 inch thick lumber and for toe nailing 2 inch thick lumber; 16-penny or larger nails shall be 
used for nailing through 2 inch thick lumber.  Nails used with treated lumber and sheathing shall be 
galvanized.  Nailing shall be in accordance with the recommended nailing schedule contained in 
AF&PA T11.  Where detailed nailing requirements are not specified, nail size and spacing shall be 
sufficient to develop an adequate strength for the connection.  The connection's strength shall be 
verified against the nail capacity tables in AF&PA T01.  Reasonable judgement backed by experience 
shall ensure that the designed connection will not cause the wood to split.  If a load situation exceeds a 
reasonable limit for nails, a specialized connector shall be used. 

 
2.3 INSULATION 
 

Thermal resistance of insulation shall be not less than the R-values shown.  R-values shall be 
determined at 75 degrees F in accordance with ASTM C 518.  Insulation shall contain the highest 
practicable percentage of recovered material which has been recovered or diverted from solid waste, 
but not including material reused in a manufacturing process.  Where two materials have the same 
price and performance, the one containing the higher recovered material content shall be provided.  
Insulation shall be the standard product of a manufacturer and factory marked or identified with 
manufacturer's name or trademark and R-value.  Identification shall be on individual pieces or 
individual packages.  Materials containing more than one percent asbestos will not be allowed. 

 
2.3.1 Batt or Blanket 
 
2.3.1.1 Glass Fiber Batts and Rolls 
 

Glass fiber batts and rolls shall conform to ASTM C 665, Type I unfaced insulation, Type II kraft faced 
insulation, or Type III foil faced insulation, Class A as indicated, having a UL rating of 25 and a smoke 
developed rating of 150 or less when tested in accordance with ASTM E 84.   
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2.3.1.2 Mineral Fiber Batt 
 

Mineral fiber batt shall conform to ASTM C 665, Type I unfaced insulation, Type II kraft faced 
insulation, Class C, or Type III foil faced insulation Class C, as indicated. 

 
2.3.1.3 Mineral Fiber Blanket 
 

Mineral fiber blanket shall conform to ASTM C 553, Type I, Class 6.  Blankets shall be sized to suit 
construction conditions, resilient type for use below and above ambient temperature to 350 degrees F.  
Blankets shall have a factory applied vapor-barrrier facing on one side with 2 inch nailing tabs on both 
edges.  Vapor barriers shall be fire retardant, high vapor transmission, and aluminum foil laminated to 
crepe paper type conforming to ASTM C 1136, Type II.  Nominal density shall be 0.75 pcf. 

 
2.3.2 Loose Fill or Granular Fill 
 
2.3.2.1 Vermiculite 
 

Vermiculite shall conform to ASTM C 516, Type II. 
 
2.3.2.2 Perlite 
 

Perlite shall conform to ASTM C 549, Type II with minimum recovered material content of 23 percent 
by weight of core material. 

 
2.3.2.3 Mineral Fiber 
 

Mineral fiber shall conform to ASTM C 764, Type I or II.  Blown-in mineral fiber insulation shall 
conform to ASTM C 764, Type I, Category 2, 12 percent or less loss on ignition. 

 
2.3.3 Sill Sealer 
 

Mineral wool, 1 inch thick and compressible to 1/32 inch, width of sill, designed to perform as an air, 
dirt, and insect seal in conformance with ASTM C 665, Type I. 

 
2.4 VAPOR RETARDER 
 

Vapor retarder shall be 6 mil polyethylene sheeting conforming to ASTM E 154 or other equivalent 
material.  Vapor retarder shall have a maximum vapor permeance rating of 0.5 perms as determined in 
accordance with ASTM E 96, unless otherwise specified. 

 
2.5 AIR INFILTRATION BARRIER 
 

Air infiltration barrier shall be building paper meeting the requirements of ASTM C 1136, Type IV, 
style optional or a tear and puncture resistant olefin building wrap (polyethylene or polypropylene) 
with a moisture vapor transmission rate of 125 g per square meter per 24 hours in accordance with 
ASTM E 96, Desiccant Method at 23 degrees C or with a moisture vapor transmission rate of 670 g per 
square meter per 24 hours in accordance with ASTM E 96, Water Method at 23 degrees C. 
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3 EXECUTION 
 
3.1 INSTALLATION OF FRAMING 
 
3.1.1 General 
 

General framing shall be in accordance with AF&PA T11.Members shall be closely fitted, accurately 
set to required lines and levels, and rigidly secured in place.  Members shall be framed for passage of 
ducts.  Members shall be cut, notched, or bored in accordance with applicable requirements of AF&PA 
T01 for the passage of pipes, wires, or conduits.  Rafters, purlins, and joists shall be set with crown 
edge up.  Framing shall be kept at least 2 inches away from chimneys and 4 inches away from fireplace 
backwalls.  When joists, beams, and girders are placed on masonry or concrete, a wood base plate shall 
be positioned and leveled with grout.  The joist, beam, or girder shall then be placed on the plate.  
When joists, beams, and girders are set into masonry or concrete, a pocket shall be formed into the 
wall.  The joist, beam, or girder shall then be placed into the pocket and leveled with a steel shim. 

 
3.1.2 Structural Members 
 

Members shall be adequately braced before erection.  Members shall be aligned and all connections 
completed before removal of bracing.  Individually wrapped members shall be unwrapped only after 
adequate protection by a roof or other cover has been provided.  Scratches and abrasions of factory-
applied sealer shall be treated with two brush coats of the same sealer used at the factory. 

 
3.1.3 Partition and Wall Framing 
 

Unless otherwise shown, studs shall be spaced 16 inches on centers.  Studs shall be doubled at 
openings.  Unless otherwise indicated, headers for openings shall be made of two pieces of stud 
material set on edge or solid lumber of equivalent size, and corners shall be constructed of not less than 
three full members.  End studs of partitions abutting concrete or masonry shall be anchored thereto 
with expansion bolts, one near each end of each stud and at intermediate intervals of not more than 4 
feet.  Plates of partitions resting on concrete floors shall be anchored in place with expansion bolts, one 
near each end of each piece and at intermediate intervals of not more than 6 feet between bolts.  In lieu 
of expansion bolts, anchoring into concrete may be accomplished with powder-driven threaded studs of 
suitable type and size and spaced at 3 feet on center.  Walls and load bearing partitions shall be 
provided with double top plates with members lapped at least 2 feet and well spiked together. 

 
3.1.4 Roof Framing or Rafters 
 

Tops of supports or rafters shall form a true plane.  Valley, ridge, and hip members shall be of depth 
equal to cut on rafters where practicable, but in no case less than depth of rafters.  Valleys, hips, and 
ridges shall be straight and true intersections of roof planes.  Necessary crickets and watersheds shall 
be formed.  Rafters, except hip and valley rafters, shall be spiked to wall plate and to ceiling joists with 
no less than three 8-penny nails or bolted by angles, as indicated.  Rafters shall be toe-nailed to ridge, 
valley, or hip members with at least three 8-penny nails.  Rafters shall be braced to prevent movement 
until permanent bracing, decking or sheathing is installed.  Hip and valley rafters shall be secured to 
wall plates by clip angles.  Openings in roof shall be framed with headers and trimmers.  Unless 
otherwise indicated, headers carrying more than two rafters and trimmers supporting headers carrying 
more than one rafter shall be double.  Hip rafters longer than the available lumber shall be butt jointed 
and scabbed.  Valley rafters longer than the available lumber shall be double, with pieces lapped not 
less than 4 feet and well spiked together.  Trussed rafters shall be installed in accordance with TPI 
Bklet HIB.  Engineered wood joists shall be installed in accordance with distributor's instructions. 
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3.2 INSTALLATION OF SHEATHING 
 
3.2.1 Plywood and Wood Structural Panels 
 

Sheathing shall be applied with edges 1/8 inch apart at side and end joints, and nailed at supported 
edges at 6 inches on center and at intermediate supports 12 inches on center unless otherwise shown.  
Nailing of edges shall be 3/8 inch from the edges.  Wall sheathing shall extend over top and bottom 
plates, and if applied horizontally the vertical joints shall be made over supports and staggered.  Wall 
sheathing over which wood shingles are to be applied shall be applied horizontally.  Roof sheathing 
shall be applied with long dimension at right angles to supports, end joints made over supports, and end 
joints staggered. 

 
3.3 INSTALLATION OF SUBFLOORING 
 
3.3.1 Plywood and Wood Structural Panel 
 

Subflooring shall be applied with long dimension at right angles to the supports, with edges 1/8 inch 
apart at side and end joints, and nailed at supported edges 6 inches on center and at intermediate 
supports 12 inches on center unless otherwise shown.  Subflooring may be installed with adhesive 
conforming to ASTM D 3498 and nails spaced at 12 inches on center unless otherwise shown.  Each 
panel shall have end joints made over supports and end joints staggered.  Where finish flooring of 
different thicknesses is used in adjoining areas, wood strips of the thickness required to bring the finish 
flooring surfaces into the same plane shall be used under the plywood subfloor. 

 
3.3.2 Particleboard 
 

Underlayment shall be applied with edges 1/32 inch apart at joints and nailed at edges 6 inches on  
center and at 10 inches on center throughout remainder of panel.  Nailing at edges shall be 3/8 inch 
from edges.  A clearance of 1/4 inch shall be provided at walls.  Joints of underlayment shall not be 
located directly over parallel joints of subflooring.  Power-driven wire staples of lengths recommended 
by the underlayment manufacturer may be used in lieu of nails.  Any surface roughness at nail heads or 
joints shall be lightly sanded to blend with the undisturbed surface. 

 
3.3.3 Plywood 
 

Underlayment shall be applied with edges 1/32 inch apart at joints and nailed at edges 6 inches on 
center and at 8 inches on center throughout remainder of panel for panels 11/32 inch and thicker.  
Thinner panels shall be nailed at edges 3 inches on center and at 6 inches on center throughout 
remainder of panel.  Nailing at edges shall be 3/8 inch from edges.  A clearance of 1/4 inch shall be 
provided at walls.  Joints of underlayment shall not be located directly over parallel joints of 
subflooring.  Power-driven wire staples of lengths recommended by the underlayment manufacturer 
may be used in lieu of nails.  When plywood combination subfloor-underlayment is used in lieu of 
separate layers, it shall be installed as specified for plywood subfloor, except all joints shall be made 
over supports with edge and joints spaced 1/8 inch apart.  When plywood combination subfloor-
underlayment is tongued and grooved, only end joints shall require support.  Tongued and grooved 
combination subfloor-underlayment shall be applied with joints spaced 1/8 inch apart.  Any surface 
roughness at nail heads or joints shall be lightly sanded to blend with the undisturbed surface.  For 
floors receiving a vinyl finish flooring, a separate layer of fully-sanded underlayment shall be installed 
as provided for above over combination subfloor-underlayment panels. 
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3.4 INSTALLATION OF MISCELLANEOUS WOOD MEMBERS 
 
3.4.1 Bridging 
 

Wood bridging shall have ends accurately bevel-cut to afford firm contact and shall be nailed at each 
end with two nails.  Metal bridging shall be installed as recommended by the manufacturer.  The lower 
ends of bridging shall be driven up tight and secured after subflooring or roof sheathing has been laid 
and partition framing installed. 

 
3.4.2 Corner Bracing 
 

Corner bracing shall be installed when required by type of sheathing used or when siding, other than 
panel siding, is applied directly to studs.  Corner bracing shall be let into the exterior surfaces of the 
studs at an angle of approximately 45 degrees, shall extend completely over wall plates, and shall be 
secured at each bearing with two nails. 

 
3.4.3 Blocking 
 

Blocking shall be provided as necessary for application of siding, sheathing, subflooring, wallboard, 
and other materials or building items, and to provide firestopping.  Blocking for firestopping shall 
ensure a maximum dimension of 8 feet for any concealed space.  Blocking shall be cut to fit between 
framing members and rigidly nailed thereto. 

 
3.4.4 Nailers and Nailing Strips 
 

Nailers and nailing strips shall be provided as necessary for the attachment of finish materials.  Nailers 
used in conjunction with roof deck installation shall be installed flush with the roof deck system.  
Stacked nailers shall be assembled with spikes or nails spaced not more than 18 inches on center and 
staggered.  Beginning and ending nails shall not be more than 6 inches for nailer end.  Ends of stacked 
nailers shall be offset approximately 12 inches in long runs and alternated at corners.  Anchors shall 
extend through the entire thickness of the nailer.  Strips shall be run in lengths as long as practicable, 
butt jointed, cut into wood framing members when necessary, and rigidly secured in place.  Nailers and 
nailer installation for Factory Mutual wind uplift rated roof systems specified in other Sections of these 
specifications shall conform to the recommendations contained in FM LPD 1-49. 

 
3.4.5 Rough Bucks and Frames 
 

Rough bucks shall be set straight, true, and plumb, and secured with anchors near top and bottom of 
each wood member and at intermediate intervals of not more than 3 feet.  Anchors for concrete shall be 
expansion bolts, and anchors for masonry shall be 3/16 x 1-1/4 inch steel straps extending not less than 
8 inches into the masonry and turned down 2 inches into the masonry. 

 
3.4.6 Sill Plates 
 

Sill plates shall be set level and square and anchor bolted at not more than 6 feet on centers and not 
more than 12 inches from end of each piece.  A minimum of two anchors shall be used for each piece. 

 
3.5 INSTALLATION OF INSULATION 
 

Insulation shall be installed after construction has advanced to a point that the installed insulation will 
not be damaged by remaining work.  For thermal insulation the actual installed thickness shall provide 
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the R-values shown.  For acoustical insulation the installed thickness shall be as shown.  Insulation 
shall be installed on the weather side of such items as electrical boxes and water lines.  Unless 
otherwise specified, installation shall be in accordance with the manufacturer's recommendation. 

 
3.6 INSTALLATION OF VAPOR RETARDER 
 

Vapor retarder shall be applied to provide a continuous barrier at window and door frames, and at all 
penetrations such as electrical outlets and switches, plumbing connections, and utility service 
penetrations.  Joints in the vapor retarder shall be lapped and sealed according to the manufacturer's 
recommendations. 

 
3.7 INSTALLATION OF AIR INFILTRATION BARRIER 
 

Air infiltration barrier shall be installed in accordance with the manufacturer's recommendations. 
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3.8 TABLES 
 

TABLE I.  SPECIES AND GRADE 
 

Subflooring, Roof Sheathing, Wall Sheathing, Furring 
 
  Grading                              Const   No. 2    No. 2       No. 3 
   Rules            Species                   Standard  Comm    Board Comm    Comm 
__________________________________________________________________________ 
 
WCLIB Std 17 
                 Douglas Fir-Larch              X 
                 Hem-Fir                              X 
                 Mountain Hemlock             X 
                 Western Cedar           X 
 
WWPA Grading Rules 
                 Douglas Fir-Larch               X 
                 Hem-Fir                               X 
                 Idaho White Pine                 X 
                 Lodgepole Pine                              X 
                 Ponderosa Pine                              X 
                 Western Cedar                               X 
 
 

END OF SECTION 
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SECTION 07900 
 

JOINT SEALING 
1 GENERAL 

 
 
1.1 REFERENCES 

 
The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only. 

 
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

 
ASTM C 509 (1994) Elastomeric Cellular Preformed Gasket and Sealing 

Material 
 

ASTM C 570 (1995) Oil- and Resin-Base Caulking Compound for Building 
Construction 

 
ASTM C 734 (1993) Low-Temperature Flexibility of Latex Sealants After 

Artificial Weathering 
 

ASTM C 834 (1995) Latex Sealants 
 

ASTM C 920 (1998) Elastomeric Joint Sealants 
 

ASTM C 1085 (1991) Butyl Rubber-Based Solvent-Release Sealants 
 

ASTM C 1184 (1995el) Structural Silicone-Sealants 
 

ASTM D 217 (1997) Cone Penetration of Lubricating Grease (IP50/88) 
 

ASTM D 1056 (1998) Flexible Cellular Materials - Sponge or Expanded 
Rubber 

 
ASTM D 1565 (1999) Flexible Cellular Materials - Vinyl Chloride Polymers 

and Copolymers (Open-Cell Foam) 
 

ASTM E 84 (1999) Surface Burning Characteristics of Building Materials 
 
1.2 SUBMITTALS 
 

Government approval is required for submittals with a "G" designation; submittals not having a "G" 
designation are for information only.  When used, a designation following the "G" designation 
identifies the office that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-03 Product Data 
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Backing;  
Bond-Breaker;  
Sealant;  

 
  Manufacturer's descriptive data including storage requirements, shelf life, curing time, 
instructions for mixing and application, and primer data (if required).  A copy of the 
Material Safety Data Sheet shall be provided for each solvent, primer or sealant material. 

 
SD-07 Certificates 

 
Sealant;  

 
  Certificates of compliance stating that the materials conform to the specified requirements. 

 
1.3 ENVIRONMENTAL REQUIREMENTS 
 

The ambient temperature shall be within the limits of 40 to 90 degrees F when the sealants are applied. 
 
1.4 DELIVERY AND STORAGE 
 

Materials shall be delivered to the job in the manufacturer's original unopened containers.  The 
container label or accompanying data sheet shall include the following information as applicable:  
manufacturer, name of material, formula or specification number, lot number, color, date of 
manufacture, mixing instructions, shelf life, and curing time at the standard conditions for laboratory 
tests.  Materials shall be handled and stored to prevent inclusion of foreign materials.  Materials shall 
be stored at temperatures between 40 and 90 degrees F unless otherwise specified by the manufacturer. 

 
2 PRODUCTS 
 
2.1 BACKING 
 

Backing shall be 25 to 33 percent oversize for closed cell and 40 to 50 percent oversize for open cell 
material, unless otherwise indicated. 

 
2.1.1 Rubber 
 

Cellular rubber sponge backing shall be ASTM D 1056, Type 1, open cell, or Type 2, closed cell, Class 
A. Grade and cross section as required. 

 
2.1.2 PVC 
 

Polyvinyl chloride (PVC) backing shall be ASTM D 1565, Grade VO 12, open-cell foam, cross section 
as required. 

 
2.1.3 Synthetic Rubber 

 
Synthetic rubber backing shall be ASTM C 509, Option I, Type I preformed rods or tubes. 
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2.1.4 Neoprene 
 

Neoprene backing shall be ASTM D 1056, closed cell expanded neoprene cord Type 2, Class C, Grade 
2C2 or open cell neoprene sponge Type 1, Class C, Grade 1C3. 

 
2.2 BOND-BREAKER 
 

Bond-breaker shall be as recommended by the sealant manufacturer to prevent adhesion of the sealant 
to backing or to bottom of the joint. 

 
2.3 PRIMER 
 

Primer shall be non-staining type as recommended by sealant manufacturer for the application. 
 
2.4 CAULKING 
 

Oil- and resin-based caulking shall be ASTM C 570, Type and Use as required. 
 
2.5 SEALANT 
 
2.5.1 LATEX 
 

Latex Sealant shall be ASTM C 834. 
 
2.5.2 ELASTOMERIC 
 

Elastomeric sealants shall conform to ASTM C 920 and the following: 
 

a.  Polysulfide Sealant:  Type S, Grade NS, Class 25, Use NT. 
 

b.  Polyurethane sealant:  Grade NS, Class 25, Use T. 
 

c.  Silicone sealant:  Type S, Grade NS, Class 25, Use NT 
 

d.  Structural silicone sealant:  ASTM C 1184, Type S, Use G. 
 
2.5.3 BUTYL 
 

Butyl sealant shall be ASTM C 1085. 
 
2.5.4 PREFORMED 
 

Preformed sealant shall be polybutylene or isoprene-butylene based pressure sensitive weather resistant 
tape or bead sealant capable of sealing out moisture, air and dust when installed as recommended by 
the manufacturer.  At temperatures from minus 30 to plus 160 degrees F, the sealant shall be non-
bleeding and shall have no loss of adhesion. 

 
2.5.4.1 Tape 
 

Tape sealant:  cross-section dimensions shall be as required. 
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2.5.4.2 Bead 
 

Bead sealant:  cross-section dimensions shall be as required. 
 
2.5.4.3 Foam Strip 
 

Foam strip shall be polyurethane foam; cross-section dimensions shall be as required.  Foam strip shall 
be capable of sealing out moisture, air, and dust when installed and compressed as recommended by 
the manufacturer.  Service temperature shall beminus 40 to plus 275 degrees F.  Untreated strips shall 
be furnished with adhesive to hold them in place.  Adhesive shall not stain or bleed into adjacent 
finishes.  Treated strips shall be saturated with butylene waterproofing or impregnated with asphalt. 

 
2.6 SOLVENTS AND CLEANING AGENTS 
 

Solvents, cleaning agents, and accessory materials shall be provided as recommended by the 
manufacturer. 

 
3 EXECUTION 
 
3.1 GENERAL 
 
3.1.1 Surface Preparation 
 

The surfaces of joints to receive sealant or caulk shall be free of all frost, condensation and moisture.  
Oil, grease, dirt, chalk, particles of mortar, dust, loose rust, loose mill scale, and other foreign 
substances shall be removed from surfaces of joints to be in contact with the sealant.  Oil and grease 
shall be removed with solvent and surfaces shall be wiped dry with clean cloths.  For surface types not 
listed below, the sealant manufacturer shall be contacted for specific recommendations. 

 
3.1.2 Concrete and Masonry Surfaces 
 

Where surfaces have been treated with curing compounds, oil, or other such materials, the materials 
shall be removed by sandblasting or wire brushing. Laitance, efflorescence and loose mortar shall be 
removed from the joint cavity. 

 
3.1.3 Steel Surfaces 
 

Steel surfaces to be in contact with sealant shall be sandblasted or, if sandblasting would not be 
practical or would damage adjacent finish work, the metal shall be scraped and wire brushed to remove 
loose mill scale. Protective coatings on steel surfaces shall be removed by sandblasting or by a solvent 
that leaves no residue. 

 
3.1.4 Aluminum Surfaces 
 

Aluminum surfaces to be in contact with sealants shall be cleaned of temporary protective coatings.  
When masking tape is used for a protective cover, the tape and any residual adhesive shall be removed 
just prior to applying the sealant.  Solvents used to remove protective coating shall be as recommended 
by the manufacturer of the aluminum work and shall be non-staining. 
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3.1.5 Wood Surfaces 
 

Wood surfaces to be in contact with sealants shall be free of splinters and sawdust or other loose 
particles. 

 
3.2 APPLICATION 
 
3.2.1 Masking Tape 
 

Masking tape shall be placed on the finish surface on one or both sides of a joint cavity to protect 
adjacent finish surfaces from primer or sealant smears.  Masking tape shall be removed within 10 
minutes after joint has been filled and tooled. 

 
3.2.2 Backing 
 

Backing shall be installed to provide the indicated sealant depth.  The installation tool shall be shaped 
to avoid puncturing the backing. 

 
3.2.3 Bond-Breaker 
 

Bond-breaker shall be applied to fully cover the bottom of the joint without contaminating the sides 
where sealant adhesion is required. 

 
3.2.4 Primer 
 

Primer shall be used on concrete masonry units, wood, or other porous surfaces in accordance with 
instructions furnished with the sealant.  Primer shall be applied to the joint surfaces to be sealed.  
Surfaces adjacent to joints shall not be primed. 

 
3.2.5 Sealant 
 

Sealant shall be used before expiration of shelf life.  Multi-component sealants shall be mixed 
according to manufacturer's printed instructions.  Sealant in guns shall be applied with a nozzle of 
proper size to fit the width of joint.  Joints shall be sealed as detailed in the drawings.  Sealant shall be 
forced into joints with sufficient pressure to expel air and fill the groove solidly.  Sealant shall be 
installed to the indicated depth without displacing the backing.  Unless otherwise indicated, specified, 
or recommended by the manufacturer, the installed sealant shall be dry tooled to produce a uniformly 
smooth surface free of wrinkles and to ensure full adhesion to the sides of the joint; the use of solvents, 
soapy water, etc., will not be allowed.  Sealants shall be installed free of air pockets, foreign embedded 
matter, ridges and sags.  Sealer shall be applied over the sealant when and as specified by the sealant 
manufacturer. 

 
3.3 CLEANING 
 

The surfaces adjoining the sealed joints shall be cleaned of smears and other soiling resulting from the 
sealant application as work progresses. 
 

END OF SECTION     
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SECTION 08110 
 

STEEL DOORS AND FRAMES 
 
1 GENERAL 
 
1.1 REFERENCES 
 

The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only. 

 
AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

 
ANSI A250.6 (1997) Hardware on Steel Doors (Reinforcement - 

Application) 
 

ANSI A250.8 (1998) Standard Steel Doors and Frames 
 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 
 

ASTM C 236 (1989; R 1993el) Steady-State Thermal Performance of 
Building Assemblies by Means of a Guarded Hot Box 

 
ASTM C 976 (1990; R 1996e) Thermal Performance of Building 

Assemblies by Means of a Calibrated Hot Box 
 

ASTM D 2863 (1997) Measuring the Minimum Oxygen Concentration to 
Support Candle-Like Combustion of Plastics (Oxygen Index) 

 
ASTM E 283 (1991) Determining the Rate of Air Leakage Through 

Exterior Windows, Curtain Walls, and Doors Under Specified 
Pressure Differences Across the Specimen 

 
DOOR AND HARDWARE INSTITUTE (DHI) 

 
DHI A115.1G (1994) Installation Guide for Doors and Hardware 

 
NATIONAL ASSOCIATION OF ARCHITECTURAL METAL MANUFACTURERS 
(NAAMM) 

 
NAAMM HMMA 862 (1987) Hollow Metal Manual; Section: Guide Specifications 

for Commercial Security Hollow Metal Doors and Frames 
 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 
 

NFPA 80 (1999) Fire Doors and Fire Windows 
 

NFPA 80A (1996) Protection of Buildings from Exterior Fire Exposures 
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NFPA 101 (2000) Life Safety Code 
 

NFPA 252 (1999) Fire Tests of Door Assemblies 
 

STEEL DOOR INSTITUTE (SDOI) 
 

SDOI SDI-106 (1999) Standard Door Type Nomenclature 
 

UNDERWRITERS LABORATORIES (UL) 
 

UL 10B (1997) Fire Tests of Door Assemblies 
 

UL 10C (1998) Positive Pressure Fire Tests of Door Assemblies 
 
1.2 SUBMITTALS 
 

Government approval is required for submittals with a "G" designation; submittals not having a "G" 
designation are for information only.  When used, a designation following the "G" designation 
identifies the office that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-02 Shop Drawings 

 
Doors and Frames;  

 
  Drawings using standard door type nomenclature in accordance with SDOI SDI-106 
indicating the location of each door and frame, elevation of each model of door and frame, 
details of construction, method of assembling sections, location and extent of hardware 
reinforcement, hardware locations, type and location of anchors for frames, and thicknesses 
of metal.  Drawings shall include catalog cuts or descriptive data for the doors, frames, and 
weatherstripping including air infiltration data and manufacturers printed instructions. 

 
SD-03 Product Data 

 
Fire Rated Doors;  

 
  A letter by a nationally recognized testing laboratory which identifies the product 
manufacturer, type, and model; certifying that the laboratory has tested a sample assembly 
in accordance with UL 10B, UL 10C, or NFPA 252 and issued a current listing for same. 

 
SD-07 Certificates 

Fire Rated Doors;  
Thermal Insulated Doors;  
Security Doors;  

 
  a.  Certification of Security Door, Thermal Insulating Rating:  Certification or test report 
for security rating, thermal insulated doors shall show compliance with the specified 
requirements.  The certification, or test report, shall list the parameters and the type of 
hardware and perimeter seals used to achieve the rating. 
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1.3 DELIVERY AND STORAGE 
 

During shipment, welded unit type frames shall be strapped together in pairs with heads at opposite 
ends or shall be provided with temporary steel spreaders at the bottom of each frame; and knockdown 
type frames shall be securely strapped in bundles.  Materials shall be delivered to the site in undamaged 
condition, and stored out of contact with the ground and under a weathertight covering permitting air 
circulation.  Doors and assembled frames shall be stored in an upright position in accordance with DHI 
A115.1G.  Abraded, scarred, or rusty areas shall be cleaned and touched up with matching finishes. 

 
1.4 WARRANTY 
 

Manufacturer's standard performance guarantees or warranties that extend beyond a 1 year period shall 
be provided. 

 
2 PRODUCTS 
 
2.1 DOORS AND FRAMES 
 

Doors and frames shall be factory fabricated in accordance with ANSI A250.8 and the additional 
requirements specified herein.  Door Level shall be standard, Level 1 unless otherwise indicated on the 
door and door frame schedules.  Exterior doors and frames shall be designation A40 galvannealed. 
Doors and frames shall be prepared to receive hardware conforming to the templates and information 
provided under Section 08700 BUILDERS' HARDWARE.  Doors and frames shall be reinforced, 
drilled, and tapped to receive mortised hinges, locks, latches, and flush bolts as required.  Doors and 
frames shall be reinforced for surface applied hardware.  Frames shall be knockdown type or welded 
typeas shown.  Door frames shall be furnished with a minimum of three jamb anchors and one floor 
anchor per jamb.  Anchors shall be not less than 7 gauge steel or diameter wire.  For wall conditions 
that do not allow the use of a floor anchor, an additional jamb anchor shall be provided.  Rubber 
silencers shall be furnished for installation into factory predrilled holes in door frames; adhesively 
applied silencers are not acceptable.  Where frames are installed in masonry walls, plaster guards shall 
be provided on door frames at hinges and strikes. Reinforcing of door assemblies for closers and other 
required hardware shall be in accordance with ANSI A250.8 and the conditions of the fire door 
assembly listing when applicable.  Exterior doors shall have top edges closed flush and sealed against 
water penetration. 

 
2.2 FIRE RATED DOORS 
 

Fire rated door assemblies shall bear the listing identification label of a nationally recognized testing 
laboratory qualified to perform tests of fire door assemblies in accordance with UL 10B and NFPA 252 
and having a listing for the tested assemblies.  The fire resistance rating shall be as shown.  Doors 
exceeding the sizes for which listing label service is offered shall be in accordance with UL 10B.  
Listing identification labels shall be constructed and permanently applied by a method which results in 
their destruction should they be removed. 

 
2.3 THERMAL INSULATED DOORS 
 

The thermal insulated doors shall have a minimum insulation value of R10.  The interior of thermal 
insulated doors shall be filled with rigid plastic foam permanently bonded to each face panel. Exterior 
doors shall be insulated to provide a thermal conductance (U-value) not to exceed 0.41 btu/hr times sq f 
times f when tested as an operational assembly in accordance with ASTM C 236 or ASTM C 976.  
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Doors with cellular plastic cores shall have a minimum oxygen index rating of 22 percent when tested 
in accordance with ASTM D 2863. 

 
2.4 SECURITY DOORS 
 

Security type doors and frames shall be factory fabricated in accordance with NAAMM HMMA 862 
and the additional requirements specified herein.  Doors and frames shall be galvannealed 14 gauge 
construction.  Doors shall have 14 gauge steel plate on both sides, and be internally reinforced 
vertically with continuous 20 gauge steel stiffeners spaced 6 inches on center maximum.  Doors shall 
be fully welded seamless construction with no visible seams or joints on their faces or vertical edges.  
Door thickness shall be 1-3/4 inches. Door frames shall be all welded type, with appropriate jamb 
profile.  Frame corners shall be machine-mitered, full (continuously) welded.  All exposed welds shall 
be ground and finished smooth. 

 
2.5 WEATHERSTRIPPING 
 

Unless otherwise specified in Section 08700 BUILDERS' HARDWARE, weatherstripping shall be as 
follows:  Weatherstripping for head and jamb shall be manufacturer's standard elastomeric type of 
synthetic rubber, vinyl, or neoprene and shall be installed at the factory or on the jobsite in accordance 
with the door frame manufacturer's recommendations.  Weatherstripping for bottom of doors shall be 
as shown.  Air leakage rate of weatherstripping shall not exceed 0.20 cfm per linear foot of crack when 
tested in accordance with ASTM E 283 at standard test conditions. 

 
2.6 GLAZING 
 

Glazing shall be as specified in Section 08810 GLASS AND GLAZING. Removable glazing beads 
shall be screw-on or snap-on type. 

 
3 EXECUTION 
 
3.1 GENERAL REQUIREMENTS 
 

Installation shall not begin until temperature and humidity conditions closely approximate interior 
conditions which will exist when area is complete and occupied; heating and air conditioning shall be 
operating prior to, during, and after installation. Contractor shall coordinate the work with that of other 
trades and shall verify opening dimensions with contract and shop drawings.  Each frame shall be 
installed plumb and square using door as template; the frame shall be secured to the wall in accordance 
with the manufacturer's instructions.  All damaged or defective frames shall be repaired/replaced prior 
to final inspection. 

 
3.2 INSTALLATION 
 

Installation shall be in accordance with DHI A115.1G.  Preparation for surface applied hardware shall 
be in accordance with ANSI A250.6.  Rubber silencers shall be installed in door frames after finish 
painting has been completed; adhesively applied silencers are not acceptable.  Weatherstripping shall 
be installed at exterior door openings to provide a weathertight installation.  Installation and 
operational characteristics of fire doors shall be in accordance with NFPA 80, NFPA 80A and NFPA 
101.  Hollow metal door frames shall be solid grouted in masonry walls and steel stud walls. 
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3.2.1 Thermal Insulated Doors 
 

Hardware and perimeter seals shall be adjusted for proper operation.  Doors shall be sealed 
weathertight after installation of hardware and shall be in accordance with Section 07900 JOINT 
SEALING. 

 
3.2.2 Security Doors 
 

Door frames shall be rigidly anchored in place and provided with antispread space filler reinforcements 
to prevent disengagement of the lock bolt by prying or jacking of the frame.  Jambs shall be filled solid 
with concrete grout. 

 
3.3 FIELD PAINTED FINISH 
 

Steel doors and frames shall be field painted in accordance with Section 09900 PAINTING, 
GENERAL or Section 09960 HIGH-BUILD GLAZE COATINGS AS APPLICABLE.  Weatherstrips 
shall be protected from paint.  Finish shall be free of scratches or other blemishes.  Color shall be per 
drawings. 

 
 
 

END OF SECTION 
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SECTION 08360 
 

SECTIONAL OVERHEAD DOORS 
1 GENERAL 
 
1.1 REFERENCES 
 

The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only. 

 
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

 
ASTM A 229/A 229M (1999) Steel Wire, Oil-Tempered for Mechanical Springs 

 
ASTM A 653/A 653M (1999) Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron 

Alloy-Coated (Galvannealed) by the Hot-Dip Process 
 

AMERICAN SOCIETY OF CIVIL ENGINEERS (ASCE) 
 

ASCE 7 (1995) Minimum Design Loads for Buildings and Other 
Structures 

 
DOOR AND ACCESS SYSTEM MANUFACTURERS ASSOCIATION (DASMA) 

 
DASMA 102 (1996) Specifications for Sectional Overhead Type Doors 

 
DASMA 105 (1992) Test Method for Thermal Transmittance and Air 

Infiltration of Garage Doors 
 
 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 
 

NFPA 70 (1999) National Electrical Code 
 
 
1.2 DESCRIPTION 
 

Sectional overhead doors shall conform to DASMA 102 and the requirements specified herein.  
Sectional overhead doors shall be of the standard lift type designed to slide up and back into a 
horizontal overhead position. Each door shall be provided with a permanent label showing the 
manufacturer's name and address and the model/serial number of the door. 

 
1.2.1 Wind Load Requirements 
 

Doors and components shall be designed to withstand wind loads determined by procedures in ASCE 7 
and a wind speed as indicated.  Doors shall be constructed to sustain a superimposed load, both inward 
and outward, equal to 1-1/2 times the minimum design wind load.  The door shall support the 
superimposed loads for a minimum period of 10 seconds without evidence of serious damage and shall 
be operable after conclusion of the tests. Test data showing compliance with design windload 
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requirements for the specific door design tested in accordance with the uniform static air pressure 
difference test procedures of ASTM E 330 shall be provided. 

 
1.2.2 Operation Cycle Life 
 

Doors shall be equipped with torsion springs designed to operate through a minimum of 75,000 cycles.  
One complete cycle of the door begins with the door in the closed position.  The door is then moved to 
the open position and back to the closed position. 

 
1.3 SUBMITTALS 
 

Government approval is required for submittals with a "G" designation; submittals not having a "G" 
designation are for information only.  When used, a designation following the "G" designation 
identifies the office that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-03 Product Data 

 
Sectional Overhead Door Unit;  

 
  Manufacturer's catalog and test data. 

 
Sectional Overhead Door Unit;  

 
  Manufacturer's preprinted installation instructions. 

 
SD-07 Certificates 

 
Design;  

 
  Manufacturer's certificates stating that the doors and operators have been designed to meet 
the specified requirements. 

 
1.4 DELIVERY AND STORAGE 
 

Doors shall be delivered to the jobsite wrapped in a protective covering with the brands and names 
clearly marked thereon.  Doors shall be stored in a dry location that is adequately ventilated and free 
from dust or water, and in a manner that permits easy access for inspection and handling.  Doors shall 
be handled carefully to prevent damage to the faces, edges, and ends.  Damaged items that cannot be 
restored to like-new condition shall be replaced. 

 
1.5 WARRANTY 
 

Manufacturer's standard performance guarantees or warranties that extend beyond a 1-year period shall 
be provided. 
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2 PRODUCTS 
 
2.1 SECTIONAL OVERHEAD DOORS 
 
2.1.1 Door Section Materials 
 

Sectional overhead door sections shall be of the height indicated or the manufacturer's standard, but the 
height of an intermediate section shall not exceed 24 inches.  Bottom sections may be varied to suit 
door height but shall not exceed 30 inches in height.  Meeting rails shall have interlocking joints to 
provide weatherproof closure and to assure alignment for the full width of the door. 

 
2.1.1.1 Steel Doors 
 

Door sections shall be single skin with integral joint, and shall be formed of hot-dipped galvanized 
steel.  Panels shall be constructed of galvanized steel not lighter than 16 gauge with flush surface or 20 
gauge with longitudinal integral reinforcing ribs or 24 gauge with longitudinal integral reinforcing ribs 
and flat bottom V-grooves. 
 

2.1.1.2 Insulated Sandwich Doors 
 

Door sections shall be composite construction of 2 separate steel skins (inner and outer) bonded to a 
foam core, such as expanded/extruded polystyrene or CFC-free polyurethane.  Steel skins shall be 
separated by a thermal break (minimal or no metal to metal contact).  Steel shall have a minimum wall 
thickness of 0.010 inch. 

 
2.1.2 Tracks 
 

Tracks shall be the manufacturer's standard 2 inch or 3 inch track, formed of galvanized steel not 
lighter than 14 gauge for 2 inch track and 12 gauge for 3 inch track.  Vertical tracks shall be attached to 
continuous steel angles not lighter than 11 gauge, installed on the walls, and shall be inclined through 
the use of adjustable brackets to provide a weathertight closure.  Horizontal track shall be reinforced 
with galvanized-steel angles and shall be supported from overhead structural members and cross 
braced as required to provide a rigid installation. 

 
2.1.3 Hardware 
 

Heavy duty hinges, brackets, rollers, locking devices, and other hardware required for a complete 
installation shall be provided.  Roller brackets and hinges shall be of minimum 14 gauge galvanized 
steel, and shall be securely attached to stiles with sheet metal screws or through bolts or with sheet 
metal screws into minimum 16 gaugestiles.  Double hinges shall be provided at ends of panels for 
doors more than 16 feet wide.  Rollers shall be provided with a minimum of 10 ball bearings.  Doors 
shall be reinforced at roller-hinge connections. 

 
2.1.4 Counterbalancing 
 

Doors shall be counterbalanced by means of helical-wound torsion springs mounted on a steel shaft.  
Springs shall be oil-tempered springwire conforming to ASTM A 229/A 229M.  Springs shall be 
adjustable, and shall be connected to doors with cable having a safety factor of at least 5 to 1. 

 

08360-3 



2.1.5 Weatherstripping 
 

Exterior doors shall be provided with weatherproof joints between sections. Head and jambs shall be 
provided with rubber or vinyl bulb or leaf type weather stripping, or with nylon-brush type weather 
stripping.  Bottom of door shall be provided with a compressible neoprene, rubber, or vinyl weather 
seal.  Weather stripping shall be adjustable.  The bottom seal shall be a combination weather seal and 
sensing edge. 

 
2.1.6 Operation 
 

Doors shall be operated by electric garage door openers. Openers shall be ¾ HP, screw drive, with two 
each remote controls.  Provide low voltage control switch per door mounted on the interior adjacent to 
each door opening. One manual lifting handle shall be provided on the interior side of the door.  The 
maximum force required for lift-handle operation shall not exceed 25 pounds 

 
a.  Electrical Work:  Conduit and wiring necessary for proper operation shall be provided under 

Section 16415 ELECTRICAL WORK, INTERIOR.  
 
2.1.7 Finish 
 
2.1.7.1 Steel 
 

Steel surfaces shall be hot-dip galvanized G60 in accordance with ASTM A 653/A 653M, and shall be 
treated for paint adhesion and shall receive a baked on prime coat for field finishing.  Finish coat shall 
be in accordance with Section 09900 PAINTING, GENERAL. 

 
2.1.8 Color 
 

Color shall be as selected. 
 
3 EXECUTION 
 
3.1 INSTALLATION 
 

Doors shall be installed in accordance with approved detail drawings and manufacturer's instructions.  
Anchors and inserts for guides, brackets, switches, hardware, and other accessories shall be accurately 
located.  Upon completion, doors shall be free from warp, twist, or distortion.  Doors shall be 
lubricated, properly adjusted, and demonstrated to operate freely. Doors to receive field finishing shall 
be finished in accordance with Section 09900 PAINTING, GENERAL.  Caulking and sealants shall be 
in accordance with Section 07900 JOINT SEALING. 
 
 

END OF SECTION 
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SECTION 08700 
 BUILDERS' HARDWARE 
 
PART 1 GENERAL 
 
1.1    REFERENCES 
 

The publications listed below form a part of this specification to the extent referenced.  The publications 
are referred to in the text by basic designation only. 

 
 AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 
 
   ASTM E 283                     (1991) Determining the Rate of Air Leakage Through Exterior Windows, 

Curtain Walls and Doors Under Specified Pressure Differences Across the 
Specimen 

 
 BUILDERS HARDWARE MANUFACTURERS ASSOCIATION (BHMA) 
 
   BHMA-01                        (Effective thru Jun 1995) Directory of Certified Locks & Latches 
 
   BHMA-02                        (Effective thru Jul 1995) Directory of Certified Door Closers 
 
   BHMA A156.1                    (1988) Butts and Hinges  
 
   BHMA A156.2                    (1989) Bored and Preassembled Locks and Latches 
 
   BHMA A156.4                    (1992) Door Controls - Closers 
 
   BHMA A156.5                    (1992) Auxiliary Locks & Associated Products 
 
   BHMA A156.6                    (1994) Architectural Door Trim 
 
   BHMA A156.7                    (1988) Template Hinge Dimensions 
 
   BHMA A156.8                    (1994) Door Controls - Overhead Holders 
 
   BHMA A156.16                   (1989) Auxiliary Hardware 
 
   BHMA A156.18                   (1993) Materials and Finishes 
 
   BHMA A156.21                   (1989) Thresholds 
 

DOOR AND HARDWARE INSTITUTE (DHI) 
 

 DHI A115.IG                    (1994) Installation Guide for Doors and Hardware 
 
   DHI-03                          (1989) Keying Systems and Nomenclature 
 
   DHI-04                          (1976) Recommended Locations for Builders' Hardware for Custom Steel 

Doors and Frames 
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   DHI-05                          (1990) Recommended Locations for Architectural Hardware for Standard 
Steel Doors and Frames 

 
   DHI A115-W                     (Varies) Wood Door Hardware Standards (Incl A115-W1 thru A115-W9) 
  
 
 NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 
 
   NFPA 80                        (1995) Fire Doors and Windows 
 
   NFPA 101                       (1994) Safety to Life from Fire in Buildings and Structures 
 
    
1.2    SUBMITTALS 
 

Government approval is required for submittals with a "GA" designation; submittals having an "FIO" 
designation are for information only.  The following shall be submitted in accordance with Section 
01330 SUBMITTAL PROCEDURES: 

 
        SD-01 Data 
 

Hardware and Accessories; FIO. 
 

Manufacturer's descriptive data, technical literature, catalog cuts, and installation instructions.  Spare 
parts data for locksets, exit devices, and closers, after approval of the detail drawings, and not later than 
1 month(s) prior to the date of beneficial occupancy.  The data shall include a complete list of parts and 
supplies, with current unit prices and source of supply. 

 
        SD-07 Schedules 
 

Hardware Schedule; FIO. 
 

Hardware schedule listing all items to be furnished.  The schedule shall include for each item: the 
quantities; manufacturer's name and catalog numbers; sizes; detail information or catalog cuts; finishes; 
door and frame size and materials; location and hardware set identification cross-references to drawings; 
corresponding reference standard type number or function number from manufacturer's catalog if not 
covered by ANSI or BHMA; and list of abbreviations and template numbers. 

 
Hardware and Accessories; FIO. 

 
Six complete copies of maintenance instructions listing routine maintenance procedures, possible 
breakdowns and repairs, and troubleshooting guides.  

 
1.3    DELIVERY, STORAGE, AND HANDLING 
 

Hardware shall be delivered to the project site in the manufacturer's original packages.  Each article of 
hardware shall be individually packaged in the manufacturer's standard commercial carton or container, 
and shall be properly marked or labeled to be readily identifiable with the approved hardware schedule. 
Manufacturer's printed installation instructions, fasteners, and special tools shall be included in each 
package.  
 

1.4    SPECIAL TOOLS 
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Special tools, such as those supplied by the manufacturer, spanner and socket wrenches, and dogging 
keys, shall be provided as required to adjust hardware items. 

 
PART 2 PRODUCTS 
 
2.1    GENERAL HARDWARE REQUIREMENTS 
 

Hardware shall conform to the requirements specified herein and the HARDWARE SETS listing at the 
end of this section.  Hardware set numbers correspond to the set numbers shown on the drawings.   

 
2.2    TEMPLATES 
 

Requirements for hardware to be mounted on metal doors or metal frames shall be coordinated between 
hardware manufacturer and door or frame manufacturer by use of templates and other information to 
establish location, reinforcement required, size of holes, and similar details. Templates of hinges shall 
conform to BHMA A156.7. 

 
2.3    HINGES 
 

Hinges shall conform to BHMA A156.1.  Hinges used on metal doors and frames shall also conform to 
BHMA A156.7.  Except as otherwise specified, hinge sizes shall conform to the hinge manufacturer's 
printed recommendations. 

 
2.3.1    Hinges for Reverse Bevel Doors with Locks 
 

Hinges for reverse bevel doors with locks shall have pins that are made nonremovable by means such as 
a set screw in the barrel, or safety stud, when the door is in the closed position. 

 
2.3.2    Contractor's Option 
 

Hinges with antifriction bearings may be furnished in lieu of ball bearing hinges, except where 
prohibited for fire doors by the requirements of NFPA 80. 

 
2.4    LOCKS AND LATCHES 
 

Locksets, latchsets and deadlocks shall be compatible with the current building keying system.  To the 
maximum extent possible, locksets, latchsets, and deadlocks shall be the products of a single 
manufacturer. Lock and latch set trim (knobs, handles, roses, and escutcheons) shall be of a simple 
design and in accordance with manufacturer's standard practice.   

 
2.4.1    Lock Cylinders (Mortise, Rim and Bored) 
 

Lock cylinders shall comply with BHMA A156.5.  Lock cylinder shall have not less than six pins.  
Cylinders shall have key removable type cores.  An extension of the existing keying system shall be 
provided.  Construction interchangeable cores shall be provided. Disassembly of knob or lockset shall 
not be required to remove core from lockset. 
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2.4.3    Lock Trim 
 

Lock trim shall be cast, forged, or heavy wrought construction of commercial plain design.  In addition 
to meeting the test requirement of BHMA A156.2 or BHMA A156.13, knobs, roses, and escutcheons 
shall be 0.050 inch thick, if unreinforced.  If reinforced, the outer shell shall be 0.035 inch thick and the 
combined thickness shall be 0.070 inch except that knob shanks shall be 0.060 inch thick. 

 
2.5    KEYING 
 

Keying shall be an extension of the existing system and shall be coordinated with building occupant and 
approved by the contracting officer. Six (6) blank keys per lock shall be furnished to the Contracting 
Officer.  All keys shall be stamped ""U.S. Property - Do Not Duplicate." 

 
2.6    DOOR CLOSING DEVICES 
 

Door closing devices shall conform to BHMA A156.4, Grade 1.  Closing devices shall be products of 
one manufacturer for each type specified. 

 
2.6.1   Surface Type Closers 
 

Surface type closers shall be Grade 1, Series C02000 Full Cover with options PT-4H, Size 1 or 2 through 
Size 6, and PT-4D with back check position valve.  Except as otherwise specified, sizes shall conform to 
the manufacturer's published recommendations.  Closers for out-swinging exterior doors shall have 
parallel arms or shall be top jamb mounted.  Closers for door close to a wall shall be of narrow 
projection so as not to strike the wall at the 90- degree open position. 

 
2.7    ARCHITECTURAL DOOR TRIM 
 

Architectural door trim shall conform to BHMA A156.6. 
 
2.7.1    Door Protection Plates 
 
2.7.1.1  Kick Plates 
 

Kick plates shall be Category J100, stainless steel.  Width of plates shall be 2 inches less than door width 
for single doors and 1 inch less for pairs of doors.  Height shall be 10 inches.  Edges of metal plates shall 
be beveled. 

 
2.7.2 Door Pulls 
 
2.7.2.1 Pulls 
 

Pulls shall be Category J400, stainless steel. 
 
2.8    AUXILIARY HARDWARE 
 

Auxiliary hardware, consisting of door holders and door stops, shall conform to BHMA A156.16 
 
2.8    MISCELLANEOUS 
 
2.8.1  Door Bottoms 
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Door bottoms shall be surface type with aluminum housing cover, anodized clear finish.  Door bottom 
shall have a vinyl or neoprene seal.  The door bottom shall exclude light when the door is in the closed 
position and shall inhibit the flow of air through the unit. 

 
2.8.2  Metal Thresholds (or Floor Plates) 
 

Thresholds shall conform to BHMA A156.21.  Thresholds for exterior doors shall be extruded aluminum 
of the type indicated and shall provide proper clearance and an effective seal with specified weather 
stripping.  Where required, thresholds shall be modified to receive projecting bolts of flush bolts or exit 
devices.  Thresholds for doors accessible to the handicapped shall be beveled with slopes not exceeding 
1:2 and with heights not exceeding 1/2 inch.  Air leakage rate of weatherstripping shall not exceed 0.5  
cubic feet per minute per lineal foot of crack when tested in accordance with ASTM E 283 at standard 
test conditions. 

 
2.8.3  Aluminum Housed Type Weatherseals 
 

Weatherseals of the type indicated shall consist of extruded aluminum retainers not less than 0.07 inch 
wall thickness with vinyl, neoprene, silicone rubber, polyurethane or vinyl brush inserts.   Aluminum 
shall be clear (natural) anodized.  Weatherseal material shall be of an industrial/commercial grade.  Seals 
shall remain functional through all weather and temperature conditions.  Air leakage rate of 
weatherstripping shall not exceed 0.5 cubic feet per minute per lineal foot of crack when tested in 
accordance with ASTM E 283 at standard test conditions. 

 
2.8.4 Gasketing 
 

Gasketing shall be a compression type seal, silicon based, self-adhesive product for use on steel door 
frames with steel doors for labelled doors.  Color shall be bronze.  Air leakage rate of weatherstripping 
shall not exceed 0.5 cubic feet per minute per lineal foot of crack when tested in accordance with ASTM 
E 283 at standard test conditions. 

 
2.9  FASTENINGS 
 

Fastenings of proper type, size, quantity, and finish shall be supplied with each article of hardware.  
Machine screws and expansion shields shall be used for attaching hardware to concrete or masonry.  
Fastenings exposed to the weather in the finished work shall be of brass, bronze, or stainless steel.  Sex 
bolts, through bolts, or machine screws and grommet nuts, where used on reverse-bevel exterior doors 
equipped with half-surface or full-surface hinges, shall employ one-way screws or other approved 
tamperproof screws.  Screws for the jamb leaf of half-mortise and full-surface hinges attached to 
structural steel frames shall be one-way or other approved tamperproof type. 

 
2.10  FINISHES 
 

Unless otherwise specified, finishes shall conform to those identified in ANSI A156.18. 
 
2.10.1 Hinges 
 

Hinges shall have the following finishes: 
 

a. Interior door hinges and in-swinging exterior door hinges: 626 
  b. Out-swinging exterior door hinges:  630 

2.10.2  Lock and Door Trim 
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Lock and door trim shall have the following finishes: 
 

  a. Main entrance door lock and trim:  626 
  b. Other door lock and trim:  626 

 
2.10.3 Door Closer 
 

Door closer finishes shall be 689. 
 
2.10.4 Miscellaneous Hardware 
 

Miscellaneous hardware finish shall be 626. 
 
2.11  HARDWARE FOR FIRE DOORS 
 

Hardware for fire doors shall conform to the requirements of NFPA 80 and NFPA 101. 
 
PART 3 EXECUTION 
 
3.1    APPLICATION 
 

Hardware shall be located in accordance with DHI-04 and DHI-05.   When approved, slight variations in 
locations or dimensions will be permitted.  Application shall be in accordance with DHI A115.IG or DHI 
A115-W.  Door control devices for exterior doors such as closers and holders, shall normally attach to 
doors with thru bolts and nuts or sex bolts.   

 
3.1.1  Hardware for Fire Doors  
 

Hardware for fire doors shall be installed in accordance with the requirements of NFPA 80. Hardware 
installed on fire doors, such as locksets, closers, and hinges shall have a visible label or stamp indicating 
that the hardware items have been approved by an approved testing agency for installation on fire-rated 
doors.. 

 
3.1.2  Door-Closing Devices 
 

Door-closing devices shall be installed and adjusted in accordance with the templates and printed 
instructions supplied by the manufacturer of the devices.  Insofar as practicable, doors opening to or 
from halls and corridors shall have the closer mounted on the room side of the door. 

 
3.1.3  Kick Plates 
 

Kick plates shall be installed on the push side of single-acting doors and on both sides of double-acting 
doors.  

 
3.1.4  Thresholds (or Floor Plates) 
 

Thresholds shall be secured with a minimum of 3 fasteners per single door width and 6 fasteners per 
double door width with a maximum spacing of 12 inches.  Exterior thresholds shall be installed in a bed 
of sealant with expansion anchors and stainless steel screws, except that bronze or anodized bronze 
thresholds shall be installed with expansion anchors with brass screws.  Minimum screw size shall be 
No. 10 length, dependent on job conditions, with a minimum of 3/4-inch thread engagement into the 
floor or anchoring device used. 
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3.1.5  Rain Drips 
 

Door sill rain drips shall align with the bottom edge of the door.   Overhead rain drips shall align with 
bottom edge of door frame rabbet. Drips shall be set in sealant and fastened with stainless steel screws. 

 
3.1.6 Weatherseals 
 

Weatherseals shall be located as indicated, snug to door face and fastened in place with color matched 
metal screws after door and frames have been finish painted.  Screw spacing shall be as recommended by 
manufacturer. 

 
3.1.7  Gasketing 
 

Gasketing shall be installed at the inside edge of the hinge and head and latch sides of door frame.  
Frames shall be toleranced for a 1/8 inch clearance between door and frame.  Frames shall be treated 
with tape primer prior to installation. 

 
3.2  HARDWARE SETS 
 

Note:  The use of manufacturer names herein is for reference only and is not intended to discourage the 
selection of other manufacturer's products meeting the requirements of this specification. 
 
HW-1 - DOORS  010, 009A, 016 
3 ea   Butts A8111 4½ X 4½ 
1  Lock F14 
1  Closer CO2011 
1  Kick Plate J102 
1  Overhead Stop C11541 
1  Threshold 2005AS Pemko 
1  Rain Drip 345A Pemko 
1   Set  Weatherstrip S88D Pemko 

 
HW-2  - DOOR 020 
3 ea   Butts A8111 4½ X 4½ 
1  Lock F14 
1  Closer CO2011 
1  Kick plate J102 
1  Floor Stop L22102 
1  Threshold 2005 AV Pemko 
1  Rain Drip 345 A Pemko 
1  Set Weatherstrip S88D Pemko 

 
HW-3  - DOOR 006 

 3 ea   Butts A8112 4½ X 4½ NRP 
 1  Lock ILCO Unican, L1000 Series, Mechanical 

Push Botton Cypher Lock 1021B-I/C 
 1  Closer CO2021 
 1  Kick Plate J102 
 1  Overhead Stop C11541 
 
       HW-4  - DOORS 004, 009B 
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 3 ea   Butts A8112 4½ X 4½ NRP 
 1  Lock ILCO Unican, L1000 Series, Mechanical 

Push Botton Cypher Lock 1021B-I/C 
 1  Closer CO2011 
 1  Kick Plate J102 
 1  Wall Stop L22102 
 1   Set Hot Seal HSS2000 Pemko 
 1   Set Smoke Gasket S44D Pemko 

 
HW-5 - DOORS 002, 007 

 3 ea   Butts A8112 4½ X 4½ 
 1  Lock F04 
 1  Wall Stop L22102 
 1  Silencers L0311 
 

HW-6 - DOOR 008 
 3 ea   Butts A8112 4½ X 4½ 
 1  Lock F05 
 1  WaIl Stop L22102 
 1   Set Hot Seal HSS2000 Pemko 
 1   Set Smoke Gasket S44D Pemko 

 
HW-7  - DOORS 011, 014 

 3 ea   Butts A8112 4½ X 4½ 
 1   Latch F01 
 1   Closer C02021 
 1   Kick plate J102 
 1   WaIl Stop L22102 
 3   Silencers LO3011 
 

HW-8  - DOOR 003 
 3 ea   Butts A5112 4½ X 4½ 
 1  Privacy F19 
 1  Closer CO2021 
 1  Kick Plate J102 
 1  Wall Stop L22102 
 3  Silencers LO3011 
 

HW-9 – DOORS 017, 018 
 3 ea   Butts A8181 4½ X 4½ MSP 
 1  Lock Folger Adams Security Grade Detention 

Deadlock Keyed one side 
 1   Pull J407 
 3  Silencers L03011 
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 HW-10  - DOORS 019,  021 
 3 ea   Butts A8112 4½ X 4½ 
 1   Lock F07 
 1   WaIl Stop L22102 
 3   Silencers LO3011 
 

HW-11 - DOORS 022 thru 029 
 All Hardware by Door Supplier. 
 
 HW-12 – DOOR  015 
 3 ea   Butts A8112 4½ X 4½ 
 1  Lock F04 
 1  Wall Stop L22102 
 1  Silencers L0311 
 1   Set Hot Seal HSS2000 Pemko 
 1   Set Smoke Gasket S44D Pemko 
 
 
 
 END OF SECTION 
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SECTION 09900 

PAINTS AND COATINGS 
 

 
1 GENERAL 
 
1.1 REFERENCES 
 

The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to within the text by the basic designation only. 

 
AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS 
(ACGIH) 

 
ACGIH Limit Values (1991-1992) Threshold Limit Values (TLVs) for Chemical 

Substances and Physical Agents and Biological Exposure 
Indices (BEIs) 

 
ACGIH TLV-DOC Documentation of Threshold Limit Values and Biological 

Exposure Indices 
 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 
 

ASTM D 235 Standard Specification for Mineral Spirits (Petroleum Spirits) 
(Hydrocarbon Dry Cleaning Solvent) 

 
ASTM D 523 (1999) Standard Test Method for Specular Gloss 

 
ASTM D 2092 (1995) Preparation of Zinc-Coated (Galvanized) Steel 

Surfaces for Painting 
 

ASTM D 4214 (1998) Evaluating the Degree of Chalking of Exterior Paint 
Films 

 
ASTM D 4263 (1983; R 1999) Indicating Moisture in Concrete by the Plastic 

Sheet Method 
 

ASTM D 4444 (1998) Standard Test Methods for Use and 
Calibration of Hand-Held Moisture Meters 

 
ASTM F 1869 (1998) Measuring Moisture Vapor Emission Rate of Concrete 

Subfloor Using Anhydrous Calcium Chloride 
 

CODE OF FEDERAL REGULATIONS (CFR) 
 

29 CFR 1910.1000 Air Contaminants 
 

29 CFR 1910.1025 Lead 
 

29 CFR 1926.62 Lead Exposure in Construction 
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FEDERAL STANDARDS (FED-STD) 
 

FED-STD-313 (Rev. C) Material Safety Data, Transportation Data and 
Disposal Data for Hazardous Materials Furnished to 
Government Activities 

 
FED-STD-595 (1989 Rev B) Color 

 
MASTER PAINTERS INSTITUTE (MPI) 
 

MPI 4 (2001) Interior/Exterior Latex Block Filler 
 

MPI 5 (2001) Exterior Alkyd Wood Primer 
 

MPI 6 (2001) Exterior Latex Wood Primer 
 

MPI 7 (2001) Exterior Oil Wood Primer 
 

MPI 11 (2001) Exterior Latex, Semi-Gloss 
 

MPI 45 (2001) Interior Primer Sealer 
 

MPI 46 (2001) Interior Enamel Undercoat 
 

MPI 47 (2001) Interior Alkyd, Semi-Gloss 
 

MPI 50 (2001) Interior Latex Primer Sealer 
 

MPI 79 (2001) Marine Alkyd Metal Primer 
 

MPI 94 (2001) Exterior Alkyd, Semi-Gloss 
 

MPI 95 (2001) Fast Drying Metal Primer 
 

MPI 110 (2001) Interior/Exterior High Performance Acrylic 
 

MPI 134 (2001) Waterborne Galvanized Primer 
 

MPI 139 (2001) High Performance Latex, White and Tints - MPI 
Gloss Level 3 

 
MPI 140 (2001) High Performance Architectural Latex - Gloss Level 4 

 
STEEL STRUCTURES PAINTING COUNCIL (SSPC) 

 
SSPC Guide 6 (1997) Containing Debris Generated During Paint Removal 

Operations 
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SSPC Guide 7 (1995) Disposal of Lead-Contaminated Surface Preparation 
Debris 

 
SSPC PA 1 (2000) Shop, Field, and Maintenance Painting 

 
SSPC PA 3 (1995) Safety in Paint Application 

 
SSPC SP 1 (1982) Solvent Cleaning 

 
SSPC SP 2 (1995) Hand Tool Cleaning 

 
SSPC SP 3 (1995) Power Tool Cleaning 

 
1.2 SUBMITTALS 
 

The current MPI, "Approved Product List" which lists paint by brand, label, product name and product 
code as of the date of contract award, will be used to determine compliance with the submittal 
requirements of this specification.  The Contractor may choose to use a subsequent MPI "Approved 
Product List", however, only one list may be used for the entire contract and each coating system is to 
be from a single manufacturer.  All coats on a particular substrate must be from a single manufacturer.  
No variation from the MPI Approved Products List is acceptable. 

 
SD-03 Product Data 

 
Coating; G 

 
Manufacturer's Technical Data Sheets 

 
 

Submit manufacturer's samples of paint colors.  Cross reference color samples to color scheme as 
indicated. 
 

SD-07 Certificates 
 

Applicator's qualifications 
 

Qualification Testing laboratory for coatings  G 
 

SD-08 Manufacturer's Instructions 
 

Application instructions 
 

Mixing 
 

Detailed mixing instructions, minimum and maximum application temperature and humidity, potlife, 
and curing and drying times between coats. 

 
Manufacturer's Material Safety Data Sheets 

 
Submit manufacturer's Material Safety Data Sheets for coatings, solvents, and other potentially 
hazardous materials, as defined in FED-STD-313. 
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SD-10 Operation and Maintenance Data 

 
Coatings:  G,  

 
Preprinted cleaning and maintenance instructions for all coating systems shall be provided. 

 
1.3 APPLICATOR'S QUALIFICATIONS 
 
1.3.1 Contractor Qualification 
 

Submit the name, address, telephone number, FAX number, and e-mail address of the 
contractor that will be performing all surface preparation and coating application.   

 
1.4 QUALITY ASSURANCE 
 
1.4.1 Field Samples and Tests 
 

The Contracting Officer may choose up to two coatings that have been delivered to the site to be tested 
at no cost to the Government.  Take samples of each chosen product as specified in the paragraph 
"Sampling Procedures."  Test each chosen product as specified in the paragraph "Testing Procedure."  
Products which do not conform shall be removed from the job site and replaced with new products that 
confrom to the referenced specification.  Testing of replacement products that failed initial testing shall 
be at no cost to the Government. 

 
1.4.1.1 Sampling Procedure 
 

The Contracting Officer will select paint at random from the products that have been delivered to the 
job site for sample testing.  The Contractor shall provide one quart samples of the selected paint 
materials.  The samples shall be taken in the presence of the Contracting Officer, and labeled, 
identifying each sample.  Provide labels in accordance with the paragraph "Packaging, Labeling, and 
Storage" of this specification. 

 
1.5 REGULATORY REQUIREMENTS 
 
1.5.1 Environmental Protection 
 

In addition to requirements specified elsewhere for environmental protection, provide coating materials 
that conform to the restrictions of the local Air Pollution Control District and regional jurisdiction.  
Notify Contracting Officer of any paint specified herein which fails to conform. 

 
1.5.2 Lead Content 
 

Do not use coatings having a lead content over 0.06 percent by weight of nonvolatile content. 
 
1.5.3 Chromate Content 
 

Do not use coatings containing zinc-chromate or strontium-chromate. 
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1.5.4 Asbestos Content 
 

Materials shall not contain asbestos. 
 
1.5.5 Mercury Content 
 

Materials shall not contain mercury or mercury compounds. 
 
1.5.6 Silica  
 

Abrasive blast media shall not contain free crystilline silica. 
 
1.5.7 Human Carcinogens 
 

Materials shall not contain ACGIH Limit Values and ACGIH TLV-DOC confirmed human 
carcinogens (A1) or suspected human carcinogens (A2). 

 
1.6 PACKAGING, LABELING, AND STORAGE 
 

Paints shall be in sealed containers that legibly show the contract specification number, designation 
name, formula or specification number, batch number, color, quantity, date of manufacture, 
manufacturer's formulation number, manufacturer's directions including any warnings and special 
precautions, and name and address of manufacturer.  Pigmented paints shall be furnished in containers 
not larger than 5 gallons.  Paints and thinners shall be stored in accordance with the manufacturer's 
written directions, and as a minimum, stored off the ground, under cover, with sufficient ventilation to 
prevent the buildup of flammable vapors, and at temperatures between 40 to 95 degrees F. 

 
1.7 SAFETY AND HEALTH 
 

Apply coating materials using safety methods and equipment in accordance with the following: 
 

Work shall comply with applicable Federal, State, and local laws and regulations, and with the 
ACCIDENT PREVENTION PLAN, including the Activity Hazard Analysis as specified in Section 
01525,"Safety Requirements" and in Appendix A of EM-385-1-1.  The Activity Hazard Analysis shall 
include analyses of the potential impact of painting operations on painting personnel and on others 
involved in and adjacent to the work zone. 

 
1.7.1 Safety Methods Used During Coating Application 
 

Comply with the requirements of SSPC PA 3. 
 
1.7.2 Toxic Materials 
 

To protect personnel from overexposure to toxic materials, conform to the most stringent guidance of: 
 

a.  The applicable manufacturer's Material Safety Data Sheets (MSDS) or local regulation.   
 

b.  29 CFR 1910.1000. 
 

c.  ACGIH Limit Values, threshold limit values. 
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d.  The appropriate OSHA standard in 29 CFR 1910.1025 and 29 CFR 1926.62 for surface 
preparation on painted surfaces containing lead.  Removal and disposal of coatings which 
contain lead is mentioned in Section 02220-“Demolition"  Additional guidance is given in 
SSPC Guide 6 and SSPC Guide 7.  Refer to Asbestos and Lead Based Paint Survey for list 
of hazardous materials located on this project.  Contractor to coordinate paint preparation 
activities with this Report. 

 
1.8  ENVIRONMENTAL CONDITIONS 
 
1.8.1 Coatings 
 

Do not apply coating when air or substrate conditions are: 
 

a.  Less than 5 degrees F above dew point; 
 

b.  Below 50 degrees F  or over 95 degrees F, unless specifically pre-approved by the Contracting 
Officer and the product manufacturer.  Under no circumstances shall application conditions 
exceed manufacturer recommendations. 

 
1.9 COLOR SELECTION 
 

Colors of finish coats shall be selected by the Contracting Officer.  Manufacturers' names and color 
identification are used for the purpose of color identification only.  Named products are acceptable for 
use only if they conform to specified requirements.  Products of other manufacturers are acceptable if 
the colors approximate colors indicated and the product conforms to specified requirements. 

 
Tint each coat progressively darker to enable confirmation of the number of coats. 

 
1.10 LOCATION AND SURFACE TYPE TO BE PAINTED 
 
1.10.1 Painting Included 
 

Where a space or surface is indicated to be painted, include the following unless indicated otherwise. 
 

a.  Surfaces behind portable objects and surface mounted articles readily detachable by removal 
of fasteners, such as screws and bolts. 

 
b.  New factory finished surfaces that require identification or color coding and factory finished 

surfaces that are damaged during performance of the work. 
 

c.  Existing coated surfaces that are damaged during performance of the work. 
 
1.10.1.1 Exterior Painting 
 

Includes new surfaces, and existing coated surfaces of the buildings and appurtenances. Also included 
are existing coated surfaces made bare by cleaning operations. 

 
1.10.1.2 Interior Painting 
 

Includes new surfaces and existing coated surfaces of the buildings and appurtenances as 
indicated and existing coated surfaces made bare by cleaning operations.  
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1.10.2 Painting Excluded 
 

Do not paint the following unless indicated otherwise. 
 

a.  Surfaces concealed and made inaccessible by panelboards, fixed ductwork, machinery, and 
equipment fixed in place. 

 
b.  Surfaces in concealed spaces.  Concealed spaces are defined as enclosed spaces above 

suspended ceilings, furred spaces, attic spaces, crawl spaces, and chases. 
 

c.  Steel to be embedded in concrete. 
 

d.  Copper, stainless steel, aluminum, brass, and lead except existing coated surfaces. 
 

e.  Hardware, fittings, and other factory finished items. 
 
1.10.3 Mechanical and Electrical Painting 
 

Includes field coating of interior and exterior new and existing surfaces. 
 

a.  Where a space or surface is indicated to be painted, include the following items unless 
indicated otherwise. 

 
(1)  Exposed piping, conduit, and ductwork; 

 
(2)  Supports, hangers, air grilles, and registers; 

 
(3)  Miscellaneous metalwork and insulation coverings. 

 
1.10.4 Definitions and Abbreviations 
 
1.10.4.1 Qualification Testing 
 

Qualification testing is the performance of all test requirements listed in the product specification.  This 
testing is accomplished by MPI to qualify each product for the MPI Approved Product List, and may 
also be accomplished by Contractor's third party testing lab if an alternative to Batch Quality 
Conformance Testing by MPI is desired. 

 
1.10.4.2 Batch Quality Conformance Testing 
 

Batch quality conformance testing determines that the product provided is the same as the product 
qualified to the appropriate product specification.  This testing shall only be accomplished by MPI 
testing lab. 

 
1.10.4.3 Coating 
 

A film or thin layer applied to a base material called a substrate.  A coating may be a metal, alloy, 
paint, or solid/liquid suspensions on various substrates (metals, plastics, wood, paper, leather, cloth, 
etc.).  They may be applied by electrolysis, vapor deposition, vacuum, or mechanical means such as 
brushing, spraying, calendering, and roller coating.  A coating may be applied for aesthetic or 
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protective purposes or both.  The term "coating" as used herein includes emulsions, enamels, stains, 
varnishes, sealers, epoxies, and other coatings, whether used as primer, intermediate, or finish coat.  
The terms paint and coating are used interchangeably. 

 
1.10.4.4 DFT or dft 
 

Dry film thickness, the film thickness of the fully cured, dry paint or coating. 
 
1.10.4.5 DSD 
 

Degree of Surface Degradation, the MPI system of defining degree of surface degradation.  Five (5) 
levels are generically defined under the Assessment sections in the MPI Maintenance Repainting 
Manual. 

 
1.10.4.6 EPP 
 

Environmentally Preferred Products, a standard for determining environmental preferability in support 
of Executive Order 13101. 

 
1.10.4.7 EXT 
 

MPI short term designation for an exterior coating system. 
 
1.10.4.8 INT 
 

MPI short term designation for an interior coating system. 
 
1.10.4.9 micron / microns 
 

The metric measurement for 0.001 mm or one/one-thousandth of a millimeter. 
 
1.10.4.10 mil / mils 
 

The English measurement for 0.001 in or one/one-thousandth of an inch, equal to 25.4 microns or 
0.0254 mm. 

 
1.10.4.11 mm 
 

The metric measurement for millimeter, 0.001 meter or one/one-thousandth of a meter. 
 
1.10.4.12 MPI Gloss Levels 
 

MPI system of defining gloss.  Seven (7) gloss levels (G1 to G7) are generically defined under the 
Evaluation sections of the MPI Manuals.  Traditionally, Flat refers to G1/G2, Eggshell refers to G3, 
Semigloss refers to G5, and Gloss refers to G6.  
 
Gloss levels are defined by MPI as follows: 
 
Gloss   Description      Units            Units 
Level                    @ 60 degrees     @ 85 degrees 
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G1      Matte or Flat    0 to 5           10 max 
G2      Velvet             0 to 10          10 to 35 
G3      Eggshell         10 to 25         10 to 35 
G4      Satin               20 to 35         35 min 
G5      Semi-Gloss     35 to 70          
G6      Gloss              70 to 85 
G7      High Gloss         
 
Gloss is tested in accordance with ASTM D 523.  Historically, the Government has used Flat (G1 / 
G2), Eggshell (G3), Semi-Gloss (G5), and Gloss (G6). 

 
1.10.4.13 MPI System Number 
 

The MPI coating system number in each Division found in either the MPI Architectural Painting 
Specification Manual or the Maintenance Repainting Manual and defined as an exterior (EXT/REX) or 
interior system (INT/RIN).  The Division number follows the CSI  Master Format. 

 
1.10.4.14 Paint 
 

See Coating definition. 
 
1.10.4.15 REX 
 

MPI short term designation for an exterior coating system used in repainting projects or over existing 
coating systems. 

 
1.10.4.16 RIN 
 

MPI short term designation for an interior coating system used in repainting projects or over existing 
coating systems. 

 
2 PRODUCTS 
 
2.1 MATERIALS 
 

Conform to the coating specifications and standards referenced in PART 3.  Submit manufacturer's 
technical data sheets for specified coatings and solvents. 

 
3 EXECUTION 
 
3.1 PROTECTION OF AREAS AND SPACES NOT TO BE PAINTED 
 

Prior to surface preparation and coating applications, remove, mask, or otherwise protect, hardware, 
hardware accessories, machined surfaces, radiator covers, plates, lighting fixtures, public and private 
property, and other such items not to be coated that are in contact with surfaces to be coated.  
Following completion of painting, workmen skilled in the trades involved shall reinstall removed 
items.  Restore surfaces contaminated by coating materials, to original condition and repair damaged 
items. 

 
3.2  SURFACE PREPARATION 
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Remove dirt, splinters, loose particles, grease, oil, disintegrated coatings, and other foreign matter and 
substances deleterious to coating performance as specified for each substrate before application of 
paint or surface treatments.  Oil and grease shall be removed prior to mechanical cleaning.  Cleaning 
shall be programmed so that dust and other contaminants will not fall on wet, newly painted surfaces.  
Exposed ferrous metals such as nail heads on or in contact with surfaces to be painted with water-
thinned paints, shall be spot-primed with a suitable corrosion-inhibitive primer capable of preventing 
flash rusting and compatible with the coating specified for the adjacent areas. 

 
3.2.1 Additional Requirements for Preparation of Surfaces With Existing Coatings 
 

Before application of coatings, perform the following on surfaces covered by soundly-adhered 
coatings, defined as those which cannot be removed with a putty knife: 

 
a.  Wipe previously painted surfaces to receive solvent-based coatings, except stucco and 

similarly rough surfaces clean with a clean, dry cloth saturated with mineral spirits, ASTM 
D 235.  Allow surface to dry.  Wiping shall immediately precede the application of the first 
coat of any coating, unless specified otherwise. 

 
b.  Sand existing glossy surfaces to be painted to reduce gloss. Brush, and wipe clean with a 

damp cloth to remove dust. 
 

c.  The requirements specified are minimum.  Comply also with the application instructions of 
the paint manufacturer. 

 
d.  Previously painted surfaces shall be thoroughly cleaned of all grease, dirt, dust or other 

foreign matter. 
 

e.  Blistering, cracking, flaking and peeling or other deteriorated coatings shall be removed. 
 

f.  Chalk shall be removed so that when tested in accordance with ASTM D 4214, the chalk 
resistance rating is no less than 8. 

 
g.  Slick surfaces shall be roughened. Damaged areas such as, but not limited to, nail holes, 

cracks, chips, and spalls shall be repaired with suitable material to match adjacent 
undamaged areas. 

 
h.  Edges of chipped paint shall be feather edged and sanded smooth. 

 
i.  Rusty metal surfaces shall be cleaned as per SSPC requirements.  Solvent, mechanical, or 

chemical cleaning methods shall be used to provide surfaces suitable for painting. 
 

j.  New, proposed coatings shall be compatible with existing coatings. 
 
3.2.2  Existing Coated Surfaces with Minor Defects 
 

Sand, spackle, and treat minor defects to render them smooth.  Minor defects are defined as scratches, 
nicks, cracks, gouges, spalls, alligatoring, chalking, and irregularities due to partial peeling of previous 
coatings.   

 
3.3 PREPARATION OF METAL SURFACES 
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a.  Ferrous Surfaces including Shop-coated Surfaces and Small Areas That Contain Rust, Mill 
Scale and Other Foreign Substances:  Solvent clean or detergent wash in accordance with 
SSPC SP 1 to remove oil and grease.   

 
b.  New or Existing Galvanized Surfaces With Only Dirt and Zinc Oxidation Products:  Clean 

with solvent, steam, or non-alkaline detergent solution in accordance with SSPC SP 1.  If 
the galvanized metal has been passivated or stabilized, the coating shall be completely 
removed by brush-off abrasive blast.  New galvanized steel to be coated shall not be 
"passivated" or "stabilized"  If the absence of hexavalent stain inhibitors is not documented, 
test as described in ASTM D 2092, Appendix X2, and remove by one of the methods 
described therein. 

 
3.3.1 Non-Ferrous Metallic Surfaces 
 

Aluminum and aluminum-alloy, lead, copper, and other nonferrous metal surfaces. 
 

a.  Surface Cleaning:  Solvent clean in accordance with SSPC SP 1 and wash with mild non-
alkaline detergent to remove dirt and water soluble contaminants. 

 
3.4 PREPARATION OF CONCRETE AND CEMENTITIOUS SURFACE 
 
3.4.1 Concrete and Masonry 
 

a.  Curing:  Concrete, stucco and masonry surfaces shall be allowed to cure at least 30 days 
before painting, except concrete slab on grade, which shall be allowed to cure 90 days 
before painting. 

 
b.  Surface Cleaning:  Remove the following deleterious substances. 

 
(1)  Dirt, Grease, and Oil:  Wash surfaces with a solution composed of 1/2 cup trisodium 
phosphate, 1/4 cuphousehold detergent, and 4 quarts of warm water.  Then rinse thoroughly 
with fresh water 

 
(2)  Paint and Loose Particles:  Remove by wire brushing. 

 
(3)  Efflorescence:  Remove by scraping or wire brushing followed by washing with a 5 to 
10 percent by weight aqueous solution of hydrochloric (muriatic) acid.  Do not allow acid to 
remain on the surface for more than five minutes before rinsing with fresh water.  Do not 
acid clean more than 4 square feet of surface, per workman, at one time. 

 
c.  Cosmetic Repair of Minor Defects:  Repair or fill mortar joints and minor defects, including 

but not limited to spalls, in accordance with manufacturer's recommendations and prior to 
coating application. 

 
d.  Allowable Moisture Content:  Latex coatings may be applied to damp surfaces, but not to 

surfaces with droplets of water.  Do not apply epoxies to damp vertical surfaces as 
determined by ASTM D 4263 or horizontal surfaces that exceed 3 lbs of moisture per 1000 
square feet in 24 hours as determined by ASTM F 1869.  In all cases follow manufacturers 
recommendations.  Allow surfaces to cure a minimum of 30 days before painting. 
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3.4.2 Gypsum Board, Plaster, and Stucco 
 

a.  Surface Cleaning:  Plaster and stucco shall be clean and free from loose matter; gypsum board 
shall be dry.  Remove loose dirt and dust by brushing with a soft brush, rubbing with a dry 
cloth, or vacuum-cleaning prior to application of the first coat material.  A damp cloth or 
sponge may be used if paint will be water-based. 

 
b.  Repair of Minor Defects:  Prior to painting, repair joints, cracks, holes, surface irregularities, 

and other minor defects with patching plaster or spackling compound and sand smooth. 
 

c.  Allowable Moisture Content:  Latex coatings may be applied to damp surfaces, but not 
surfaces with droplets of water.  Do not apply epoxies to damp surfaces as determined by 
ASTM D 4263.  New plaster to be coated shall have a maximum moisture content of 8 
percent, when measured in accordance with ASTM D 4444, Method A, unless otherwise 
authorized. In addition to moisture content requirements, allow new plaster to age a 
minimum of 30 days before preparation for painting. 

 
3.5 PREPARATION OF WOOD AND PLYWOOD SURFACES 
 
3.5.1 New and Existing Coated Plywood and Wood Surfaces, Except Floors: 
 

a.  Wood surfaces shall be cleaned of foreign matter.   
 
Surface Cleaning:  Surfaces shall be free from dust and other deleterious substances and in a 

condition approved by the Contracting Officer prior to receiving paint or other finish.  Do 
not use water to clean uncoated wood.  Scrape to remove loose coatings.  Lightly sand to 
roughen the entire area of previously enamel-coated wood surfaces. 

 
b.  Removal of Fungus and Mold:  Wash existing coated surfaces with a solution composed of 3 

ounces (2/3 cup) trisodium phosphate, 1 ounce (1/3 cup) household detergent, 1 quart 5 
percent sodium hypochlorite solution and 3 quarts of warm water.  Rinse thoroughly with 
fresh water. 

 
c.  Moisture content of the wood shall not exceed 12 percent as measured by a moisture meter in 

accordance with ASTM D 4444, Method A, unless otherwise authorized. 
 

d.  Wood surfaces adjacent to surfaces to receive water-thinned paints shall be primed and/or 
touched up before applying water-thinned paints.   

 
e.  Cracks and Nailheads:  Set and putty stop nailheads and putty cracks after the prime coat has 

dried. 
 

f.  Cosmetic Repair of Minor Defects: 
 

(1)  Knots and Resinous Wood:  Prior to application of coating, cover knots and stains with 
two or more coats of 3-pound-cut shellac varnish, plasticized with 5 ounces of castor oil per 
gallon.  Scrape away existing coatings from knotty areas, and sand before treating.  Prime 
before applying any putty over shellacked area. 

 
(2)  Open Joints and Other Openings:  Fill with whiting putty, linseed oil putty.  Sand 
smooth after putty has dried. 
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(3)  Checking:  Where checking of the wood is present, sand the surface, wipe and apply a 
coat of pigmented orange shellac. Allow to dry before paint is applied. 

 
g.  Prime Coat For New Exterior Surfaces:  Prime coat wood doors, frames, and trim before 

wood becomes dirty, warped, or weathered. 
 
3.6 APPLICATION 
 
3.6.1 Coating Application 

 
Painting practices shall comply with applicable federal, state and local laws enacted to insure 
compliance with Federal Clean Air Standards.  Apply coating materials in accordance with SSPC PA 
1.  SSPC PA 1 methods are applicable to all substrates, except as modified herein.   
 
At the time of application, paint shall show no signs of deterioration.  Uniform suspension of pigments 
shall be maintained during application.   
 
Unless otherwise specified or recommended by the paint manufacturer, paint may be applied by brush, 
roller, or spray.  Rollers for applying paints and enamels shall be of a type designed for the coating to 
be applied and the surface to be coated.   
 
Paints, except water-thinned types, shall be applied only to surfaces that are completely free of 
moisture as determined by sight or touch. 
 
Thoroughly work coating materials into joints, crevices, and open spaces.  Special attention shall be 
given to insure that all edges, corners, crevices, welds, and rivets receive a film thickness equal to that 
of adjacent painted surfaces.   
 
Each coat of paint shall be applied so dry film shall be of uniform thickness and free from runs, drops, 
ridges, waves, pinholes or other voids, laps, brush marks, and variations in color, texture, and finish.  
Hiding shall be complete.   
 
Touch up damaged coatings before applying subsequent coats. Interior areas shall be broom clean and 
dust free before and during the application of coating material. 

 
a.  Drying Time:  Allow time between coats, as recommended by the coating manufacturer, to 

permit thorough drying, but not to present topcoat adhesion problems.  Provide each coat in 
specified condition to receive next coat. 

 
b.  Primers, and Intermediate Coats:  Do not allow primers or intermediate coats to dry more than 

30 days, or longer than recommended by manufacturer, before applying subsequent coats. 
Follow manufacturer's recommendations for surface preparation if primers or intermediate 
coats are allowed to dry longer than recommended by manufacturers of subsequent 
coatings.  Each coat shall cover surface of preceding coat or surface completely, and there 
shall be a visually perceptible difference in shades of successive coats. 

 
c.  Finished Surfaces:  Provide finished surfaces free from runs, drops, ridges, waves, laps, brush 

marks, and variations in colors. 
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d.  Thermosetting Paints:  Topcoats over thermosetting paints (epoxies and urethanes) should be 
applied within the overcoating window recommended by the manufacturer. 

 
e.  Floors:  For nonslip surfacing on level floors, as the intermediate coat is applied, cover wet 

surface completely with almandite garnet, Grit No. 36, with maximum passing U.S. 
Standard Sieve No. 40 less than 0.5 percent.  When the coating is dry, use a soft bristle 
broom to sweep up excess grit, which may be reused, and vacuum up remaining residue 
before application of the topcoat.  

 
3.6.2 Mixing and Thinning of Paints 
 

Reduce paints to proper consistency by adding fresh paint, except when thinning is mandatory to suit 
surface, temperature, weather conditions, application methods, or for the type of paint being used.  
Obtain written permission from the Contracting Officer to use thinners.  The written permission shall 
include quantities and types of thinners to use. 

 
When thinning is allowed, paints shall be thinned immediately prior to application with not more than 
1 pint of suitable thinner per gallon.  The use of thinner shall not relieve the Contractor from obtaining 
complete hiding, full film thickness, or required gloss.  Thinning shall not cause the paint to exceed  
limits on volatile organic compounds.  Paints of different manufacturers shall not be mixed. 

 
3.6.3 Two-Component Systems 
 

Two-component systems shall be mixed in accordance with manufacturer's instructions.  Any thinning 
of the first coat to ensure proper penetration and sealing shall be as recommended by the manufacturer 
for each type of substrate. 

 
3.6.4 Coating Systems 
 

a.  Systems by Substrates:  Apply coatings that conform to the respective specifications listed in 
the following Tables: 

 
          Table 
 
          Division 5.  Exterior Metal, Ferrous and Non-Ferrous Paint Table 
          Division 6.  Exterior Wood; Dressed Lumber, Paneling, Decking, 
                        Shingles Paint Table 
          Division 3.  Interior Concrete Paint Table 
          Division 4.  Interior Concrete Masonry Units Paint Table 
          Division 5.  Interior Metal, Ferrous and Non-Ferrous Paint Table 
          Division 6.  Interior Wood Paint Table  
          Division 9:  Interior Plaster, Gypsum Board, Textured Surfaces  
                        Paint Table 
           

b.  Minimum Dry Film Thickness (DFT):  Apply paints, primers, varnishes, enamels, undercoats, 
and other coatings to a minimum dry film thickness of 1.5 mil each coat unless specified 
otherwise in the Tables.  Coating thickness where specified, refers to the minimum dry film 
thickness. 

 
c.  Coatings for Surfaces Not Specified Otherwise:  Coat surfaces which have not been specified, 

the same as surfaces having similar conditions of exposure. 
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d.  Existing Surfaces Damaged During Performance of the Work, Including New Patches In 

Existing Surfaces:  Coat surfaces with the following: 
 

(1)  One coat of primer. 
 

(2)  One coat of undercoat or intermediate coat. 
 

(3)  One topcoat to match adjacent surfaces. 
 

e.  Existing Coated Surfaces To Be Painted:  Apply coatings conforming to the respective 
specifications listed in the Tables herein, except that pretreatments, sealers and fillers need 
not be provided on surfaces where existing coatings are soundly adhered and in good 
condition.  Do not omit undercoats or primers. 

 
3.7 COATING SYSTEMS FOR METAL 
 

Apply coatings of Tables in Division 5 for Exterior and Interior. 
 

a.  Apply specified ferrous metal primer on the same day that surface is cleaned, to surfaces that 
meet all specified surface preparation requirements at time of application. 

 
b.  Inaccessible Surfaces:  Prior to erection, use one coat of specified primer on metal surfaces 

that will be inaccessible after erection. 
 

c.  Shop-primed Surfaces:  Touch up exposed substrates and damaged coatings to protect from 
rusting prior to applying field primer. 

 
d.  Surface Previously Coated with Epoxy or Urethane:  Apply MPI 101, 1.5 mils DFT 

immediately prior to application of epoxy or urethane coatings. 
 

e.  Pipes and Tubing:  The semitransparent film applied to some pipes and tubing at the mill is 
not to be considered a shop coat, but shall be overcoated with the specified ferrous-metal 
primer prior to application of finish coats. 

 
f.  Exposed Nails, Screws, Fasteners, and Miscellaneous Ferrous Surfaces.  On surfaces to be 

coated with water thinned coatings, spot prime exposed nails and other ferrous metal with 
latex primer MPI 107. 

 
3.8 COATING SYSTEMS FOR CONCRETE AND CEMENTITIOUS SUBSTRATES 
 

Apply coatings of Tables in Division 3, 4 and 9 for Exterior and Interior. 
 
3.9 COATING SYSTEMS FOR WOOD AND PLYWOOD 
 

a.  Apply coatings of Tables in Division 6 for Exterior and Interior. 
 

b.  Prior to erection, apply two coats of specified primer to treat and prime wood surfaces which 
will be inaccessible after erection. 

 
c.  Apply stains in accordance with manufacturer's printed instructions. 
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3.10 INSPECTION AND ACCEPTANCE 
 

In addition to meeting previously specified requirements, demonstrate mobility of moving components, 
including swinging and sliding doors, cabinets, and windows with operable sash, for inspection by the 
Contracting Officer.  Perform this demonstration after appropriate curing and drying times of coatings 
have elapsed and prior to invoicing for final payment. 

 
3.11 PAINT TABLES 
 

All DFT's are minimum values. 
 

3.11.1 EXTERIOR PAINT TABLES 
 
      DIVISION 5:  EXTERIOR METAL, FERROUS AND NON-FERROUS PAINT TABLE 
 
STEEL / FERROUS SURFACES 
 
 1. Surface previously coated with alkyd or latex: 
 
    Waterborne Light Industrial Coating 
    MPI REX 5.1C-G6 (Gloss) 
    Spot Primer:        Intermediate:       Topcoat: 
    MPI 79              MPI 110-G6          MPI 110-G6 
    System DFT:  5 mils  
 
 2. Surface previously coated with epoxy: 
 
    Waterborne Light Industrial 
    MPI REX 5.1L-G6 (Gloss)     
    Spot Primer:        Intermediate:       Topcoat: 
    MPI 101             MPI 110-G6          MPI 110-G6 
    System DFT: 5 mils  
    
 EXTERIOR GALVANIZED SURFACES 
 
A.  New Galvanized surfaces: 
 
 1. Waterborne Primer / Latex  
    MPI EXT 5.3H-G6 (Gloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 134             MPI 119             MPI 119 
    System DFT:  4.5 mils  
 
  2.Epoxy Primer / Waterborne Light Industrial Coating 
    MPI EXT 5.3K-G6 (Gloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 101             MPI 110-G6          MPI 110-G6 
    System DFT:  5 mils  
 
B.  Galvanized surfaces with slight coating deterioration; little or no 
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    rusting: 
 
 1. Waterborne Light Industrial Coating 
    MPI REX 5.3J-G5 (Semigloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 134             N/A                 MPI 110-G5 
    System DFT:  4.5 mils  
                  
EXTERIOR SURFACES, OTHER METALS (NON-FERROUS) 
 
A.  Aluminum, aluminum alloy and other miscellaneous non-ferrous metal items 
  not otherwise specified. Match surrounding finish: 
 
 1. Waterborne Light Industrial Coating 
    MPI EXT 5.4G-G6(Gloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 95              MPI 110-G6          MPI 110-G6 
    System DFT:  5 mils  
 

DIVISION 6:  EXTERIOR WOOD; DRESSED LUMBER, PANELING, DECKING, 
SHINGLES PAINT TABLE 
 
A.  New and Existing, uncoated Dressed lumber, Wood and plywood, trim,  
not otherwise specified: 
 
 1. Latex 
 
    MPI EXT 6.3A-G6 (Gloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 7               MPI 119             MPI 119 
    System DFT:  5 mils  
 
B.  Existing, dressed lumber, Wood and plywood, trim,  
  previously coated with an alkyd / oil based finish  
  coat not otherwise specified: 
 
 1. Alkyd 
    MPI REX 6.3B-G5 (Semigloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 5               MPI 94              MPI 94 
    System DFT:  5 mils  
 
 2. Latex 
 
    MPI REX 6.3A-G5 (Semigloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 5               MPI 11              MPI 11 
    System DFT:  5 mils  
 
C.  Existing, dressed lumber, Wood and plywood, trim,  
previously coated with a latex / waterborne finish coat 
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  not otherwise specified: 
 
 1. Latex 
     
    MPI REX 6.3L-G6 (Gloss) 
    Spot Primer:        Intermediate:       Topcoat: 
    MPI 6               MPI 119             MPI 119 
    System DFT:  4.5 mils  
 
3.11.2 INTERIOR PAINT TABLES 
 
DIVISION 3:  INTERIOR CONCRETE PAINT TABLE 
 
A. New concrete floors in Detention Cells:   
 
 1. Epoxy 
    New; MPI INT 3.2C-G6 (Gloss)  
    Primer:             Intermediate:       Topcoat: 
    MPI 77              MPI 77              MPI 77 
    System DFT:  5 mils  
 
    Note:  Primer may be reduced for penetration per manufacturer's  
    instructions. 
 
      DIVISION 4:  INTERIOR CONCRETE MASONRY UNITS PAINT TABLE 
 
A.  New Concrete masonry: 
 
1. Institutional Low Odor / Low VOC Latex 
    New; MPI INT 4.2E-G5 (Semigloss) 
    Filler              Primer:             Intermediate:       Topcoat: 
    MPI 4               N/A                 MPI 147             MPI 147 
    System DFT:  4 mils  
 
      DIVISION 5:  INTERIOR METAL, FERROUS AND NON-FERROUS PAINT TABLE 
 
INTERIOR STEEL / FERROUS SURFACES 
 
A.  Metal Surfaces adjacent to painted surfaces (Match surrounding finish) and 
  miscellaneous metal items not otherwise specified:  
 
 1. Alkyd 
 
    MPI INT 5.1E-G5 (Semigloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 79              MPI 47              MPI 47 
    System DFT:    5.25 mils  
  
B.  Metal in restrooms and shower areas: 
 
 1. Alkyd 
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    MPI INT 5.1E-G6 (Gloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 79              MPI 48              MPI 48 
    System DFT:   5.25 mils  
 
C.  Miscellaneous non-ferrous metal items not otherwise specified except  
  new prefinished equipment.  Match surrounding finish.     
 
      DIVISION 6:  INTERIOR WOOD PAINT TABLE 
 
A.  New and Existing Wood and plywood not otherwise specified: 
 
1. Institutional Low Odor / Low VOC Latex 
 
    New; MPI INT 6.3V-G5 (Semigloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 39              MPI 147             MPI 147 
    System DFT:  4 mils  
 
B.  Existing, previously painted Wood and plywood not otherwise specified: 
 
1. Institutional Low Odor / Low VOC Latex 
    Existing; MPI RIN 6.4D-G5 (Semigloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 39              MPI 147             MPI 147 
    System DFT:  4 mils  
 
C.  Existing, previously painted Wood Doors; Pigmented finish: 
 
1.  Alkyd 
 
    New; MPI RIN 6.3B-G6 (Gloss) 
    Primer:             Intermediate:       Topcoat: 
    MPI 46              MPI 48              MPI 48 
    System DFT:  4.5 mils 
 
    Note:  Sand between all coats per manufacturers recommendations. 
  
    DIVISION 9:  INTERIOR GYPSUM BOARD PAINT TABLE 
 
A.  New and Existing, previously painted Wallboard not 
  otherwise specified: 
 
 1. Institutional Low Odor / Low VOC Latex 
 
    New; MPI INT 9.2M-G4 (Satin) / Existing; MPI RIN 9.2M-G4 (Satin) 
    Primer:             Intermediate:       Topcoat: 
    MPI 50              MPI 146             MPI 146 
    System DFT:  4 mils  
 

END OF SECTION 
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SECTION 10800 
 

TOILET ACCESSORIES 
0 GENERAL 
 
0.1 REFERENCES 
 

The publications listed below form a part of this specification to the extent referenced.  The 
publications are referred to in the text by basic designation only. 

 
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

 
ASTM C 1036 (1991) Flat Glass 

 
COMMERCIAL ITEM DESCRIPTIONS (CID) 

 
CID A-A-2398 (Rev B) Curtain, Shower and Window (Metric - SI) 

 
0.2 SUBMITTALS 
 

Government approval is required for submittals with a "G" designation; submittals not having a "G" 
designation are for information only.  When used, a designation following the "G" designation 
identifies the office that will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-03 Product Data 

 
Finishes;  
Accessory Items;  

 
  Manufacturer's descriptive data and catalog cuts indicating materials of construction, 
fasteners proposed for use for each type of wall construction, mounting instructions, 
operation instructions, and cleaning instructions. 

 
0.3 DELIVERY, STORAGE, AND HANDLING 
 

Toilet accessories shall be wrapped for shipment and storage, delivered to the jobsite in manufacturer's 
original packaging, and stored in a clean, dry area protected from construction damage and vandalism. 

 
0.4 WARRANTY 
 

Manufacturer's standard performance guarantees or warranties that extend beyond a 1 year period shall 
be provided. 

 
1 PRODUCTS 
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1.1 MANUFACTURED UNITS 
 

Toilet accessories shall be provided where indicated in accordance with paragraph SCHEDULE. Each 
accessory item shall be complete with the necessary mounting plates and shall be of sturdy 
construction with corrosion resistant surface. 

 
1.1.1 Anchors and Fasteners 
 

Anchors and fasteners shall be capable of developing a restraining force commensurate with the 
strength of the accessory to be mounted and shall be suited for use with the supporting construction.  
Exposed fasteners shall be of tamperproof design and shall be finished to match the accessory. 

 
1.1.2 Finishes 
 

Except where noted otherwise, finishes on metal shall be provided as follows: 
 
           Metal                                   Finish 
            
 
     Stainless steel                            No. 4 satin finish 
 
     Carbon steel, copper alloy,        Chromium plated, bright 
     and brass 
 
1.2 ACCESSORY ITEMS 
 

Accessory items shall conform to the requirements specified below. 
 

1.2.1 Mirrors, Glass (MG) 
 

Glass for mirrors shall be Type I transparent flat type, Class 1-clear.  Glazing Quality q1 1/4 inch thick 
conforming to ASTM C 1036.  Glass shall be coated on one surface with silver coating, copper 
protective coating, and mirror backing paint.  Silver coating shall be highly adhesive pure silver 
coating of a thickness which shall provide reflectivity of 83 percent or more of incident light when 
viewed through 1/4 inch thick glass, and shall be free of pinholes or other defects.  Copper protective 
coating shall be pure bright reflective copper, homogeneous without sludge, pinholes or other defects, 
and shall be of proper thickness to prevent "adhesion pull" by mirror backing paint.  Mirror backing 
paint shall consist of two coats of special scratch and abrasion-resistant paint and shall be baked in 
uniform thickness to provide a protection for silver and copper coatings which will permit normal 
cutting and edge fabrication. 

 
1.2.2 Combination Paper Towel Dispenser/Waste Receptacle Units (PTDWR) 
 

Dispenser/receptacle shall be recessed or semi-recessed as indicated and shall have a capacity of 400 
sheets of C-fold, single-fold, or quarter-fold towel.  Waste receptacle shall be designed to be locked in 
unit and removable for service.  Locking mechanism shall be tumbler key lock.  Waste receptacle shall 
have a capacity of 12 gallons or as indicated.  Unit shall be fabricated of not less than 0.30 inch 
stainless steel welded construction with all exposed surfaces having a satin finish.  Waste receptacle 
that accepts reusable liner standard for unit manufacturer shall be provided. 
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1.2.3 Shower Curtain (SC) 
 

Shower curtain shall conform to CID A-A-2398, Style I, size to suit conditions.  Curtain shall be anti-
bacterial nylon/vinyl fabric.  Color shall be as selected. 

 
1.2.4 Shower Curtain Rods (SCR) 
 

Shower curtain rods shall be Type 304 stainless steel 1-1/4 inch OD by 0.049 inch minimum to meet 
installation conditions. 

 
1.2.5 Soap Dispenser (SD) 
 

Soap dispenser shall be surface mounted, liquid type consisting of a vertical Type 304 stainless steel 
tank with holding capacity of 40 fluid ounces with a corrosion-resistant all-purpose valve that 
dispenses liquid soaps, lotions, detergents and antiseptic soaps, surface mounted, powder type 
constructed of stainless steel or chromium plated zinc die casting, shall contain a swap feed mechanism 
and an agitator designed to break up powdered soap, and shall have a minimum capacity of 32 ounces, 
or lavatory mounted, liquid type consisting of a polyethylene tank with a minimum 32 fluid ounces 
holding capacity and a  4 inch spout length, as indicated. 

 
1.2.6 Towel Bar (TB) 
 

Towel bar shall be stainless steel with a minimum thickness of .015 inch.  Bar shall be minimum 3/4 
inch diameter, or 5/8 inch square.  Finish shall be satin. 

 
1.2.7 Toilet Tissue Dispenser, Jumbo (TTDJ) 
 

Toilet tissue dispenser shall be surface mounted with 2 rolls of jumbo tissue.  Cabinet shall be 
fabricated of Type 304, 18 gauge stainless steel with Type 304, 20 gauge stainless steel door.  Cover 
shall have key lock. 

 
1.2.8 Toilet Seat Cover Dispenser (TSCD) 
 

Toilet seat cover dispensers shall be Type 304 stainless steel and shall be recessed mounted or surface 
mounted as indicated.  Dispenser shall have a minimum capacity of 500 seat covers. 
 

1.2.9 Grab Bar (GB) 
 
Grab bar shall be 18 gauge, 1-1/4 inches OD Type 304 stainless steel.  Grab bar shall be form and length 
as indicated. Mounting flange shall have mounting holes concealed.  Grab bar shall have satin finish.  
Installed bars shall be capable of withstanding a 500 pound vertical load without coming loose from the 
fastenings and without obvious permanent deformation.  Space between wall and grab bar shall be 1-1/2 
inch. 
 
2 EXECUTION 
 
2.1 INSTALLATION 
 

Toilet accessories shall be securely fastened to the supporting construction in accordance with the 
manufacturer's approved instructions.  Accessories shall be protected from damage from the time of 
installation until acceptance. 
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2.2 CLEANING 
 

Material shall be cleaned in accordance with manufacturer's recommendations.  Alkaline or abrasive 
agents shall not be used.  Precautions shall be taken to avoid scratching or marring of surfaces. 

 
2.3 SCHEDULE 
 
ROOM NO. ROOM NAME         PTDWR MG  SC  SCR  SD  TB  TSCD  TTDJ  GB 
 
11  WOMEN  1   1     1     1  1     1       1 1 1 
 
13  MEN   1   2     2     2  1     2     2 2           1 
 
 

END OF SECTION 
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SECTION 15200 
 

PIPING - PLUMBING 
 

 
PART 1   GENERAL 
 
1.1   REFERENCES 
 
The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only. 

 
AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

 
ANSI H35.2 (1997) Dimensional Tolerances for Aluminum 

Mill Products 
 
ANSI H35.2M (1997) Dimensional Tolerances for Aluminum 

Mill Products (Metric) 
 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 
 
ASTM A 36/A 36M (1997a) Carbon Structural Steel 

 
ASTM A 47 (1990; R 1995) Ferritic Malleable Iron 

Castings 
 
ASTM A 47M (1990; R 1996) Ferritic Malleable Iron 

Castings (Metric) 
 
ASTM A 48 (1994a) Gray Iron Castings 

 
ASTM A 48M (1994) Gray Iron Castings (Metric) 

 
ASTM A 53 (1998) Pipe, Steel, Black and Hot-Dipped, 

Zinc Coated, Welded, and Seamless 
 
ASTM A 74 (1998) Cast Iron Soil Pipe and Fittings 

 
ASTM A 105/A 105M (1998) Carbon Steel Forgings for Piping 

Applications 
 
ASTM A 106 (1997a) Seamless Carbon Steel Pipe for High-

Temperature Service 
 
ASTM A 108 (1995) Steel Bars, Carbon, Cold-Finished, 

Standard Quality 
 
ASTM A 126 (1995) Gray Iron Castings for Valves, 

Flanges, and Pipe Fittings 
 
ASTM A 153/A 153M (1998) Zinc Coating (Hot-Dip) on Iron and 

Steel Hardware 
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ASTM A 167 (1996) Stainless and Heat-Resisting Chromium-
Nickel Steel Plate, Sheet, and Strip 

 
ASTM A 181/A 181M (1995b) Carbon Steel Forgings, for General-

Purpose Piping 
 
ASTM A 182/A 182M (1997c) Forged or Rolled Alloy-Steel Pipe 

Flanges, Forged Fittings, and Valves and 
Parts for High-Temperature Service 

 
ASTM A 183 (1983; R 1998) Carbon Steel Track Bolts and 

Nuts 
 
ASTM A 193/A 193M (1998) Alloy-Steel and Stainless Steel 

Bolting Materials for High-Temperature 
Service 

 
ASTM A 194/A 194M (1998) Carbon and Alloy Steel Nuts for Bolts 

for High-Pressure and High-Temperature 
Service 

 
ASTM A 216/A 216M (1998) Steel Castings, Carbon, Suitable for 

Fusion Welding, for High-Temperature Service 
 
ASTM A 276 (1998) Stainless Steel Bars and Shapes 

 
ASTM A 307 (1997) Carbon Steel Bolts and Studs, 60 000 

PSI Tensile Strength 
 
ASTM A 334/A 334M (1996) Seamless and Welded Carbon and Alloy-

Steel Tubes for Low-Temperature Service 
 
ASTM A 351/A 351M (1994a) Castings, Austenitic, Austenitic-

Ferric (Duplex), for Pressure-Containing 
Parts 

 
ASTM A 352/A 352M (1998) Steel Castings, Ferritic and 

Martensitic, for Pressure-Containing Parts, 
Suitable for Low-Temperature Service 

 
ASTM A 395 (1988; R 1998) Ferritic Ductile Iron 

Pressure-Retaining Castings for Use at 
Elevated Temperatures 

 
ASTM A 395M (1988; R 1998) Ferritic Ductile Iron 

Pressure-Retaining Castings for Use at 
Elevated Temperatures 

 
ASTM A 403/A 403M (1998) Wrought Austenitic Stainless Steel 

Piping Fittings 
 
ASTM A 436 (1984; R 1997) Austenitic Gray Iron Castings 

 
ASTM A 513 (1997) Electric-Resistance-Welded Carbon and 

Alloy Steel Mechanical Tubing 
 
ASTM A 536 (1984; R 1993) Ductile Iron Castings 
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ASTM A 576 (1990b; R 1995) Steel Bars, Carbon, Hot-

Wrought, Special Quality 
 
ASTM A 632 (1990) Seamless and Welded Austenitic 

Stainless Steel Tubing (Small Diameter) for 
General Service 

 
ASTM A 727/A 727M (1997) Forgings, Carbon Steel, for Piping 

Components with Inherent Notch Toughness 
 
ASTM A 780 (1993a) Repair of Damaged and Uncoated Areas 

of Hot-Dip Galvanized Coatings 
 
ASTM A 789/A 789M (1995) Seamless and Welded 

Ferritic/Austenitic Stainless Steel Tubing 
for General Service 

 
ASTM A 813/A 813M (1995) Single- or Double-Welded Austenitic 

Stainless Steel Pipe 
 
ASTM A 814/A 814M (1996) Cold-Worked Welded Austenitic 

Stainless Steel Pipe 
 
ASTM A 815/A 815M (1998) Wrought Ferritic, Ferritic/Austenitic, 

and Martensitic Stainless Steel Piping 
Fittings 

 
ASTM A 865 (1997) Threaded Couplings, Steel, Black or 

Zinc-Coated (Galvanized) Welded or Seamless, 
for Use in Steel Pipe Joints 

 
ASTM B 32 (1996) Solder Metal 

 
ASTM B 42 (1998) Seamless Copper Pipe, Standard Sizes 

 
ASTM B 61 (1993) Steam or Valve Bronze Castings 

 
ASTM B 62 (1993) Composition Bronze or Ounce Metal 

Castings 
 
ASTM B 75 (1997) Seamless Copper Tube 

 
ASTM B 88 (1996) Seamless Copper Water Tube 

 
ASTM B 124 (1996) Copper and Copper Alloy Forging Rod, 

Bar, and Shapes 
 
ASTM D 1527 (1996a) Acrylonitrile-Butadiene-Styrene (ABS) 

Plastic Pipe, Schedules 40 and 80 
 
ASTM D 1784 (1999) Rigid Poly(Vinyl Chloride) (PVC) 

Compounds and Chlorinated Poly(Vinyl 
Chloride) (CPVC) Compounds 

 
ASTM D 1785 (1996b) Poly(Vinyl Chloride (PVC) Plastic 

Pipe, Schedules 40, 80, and 120 
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ASTM D 2104 (1996) Polyethylene (PE) Plastic Pipe, 

Schedule 40 
 
ASTM D 2235 (1996a) Solvent Cement for Acrylonitrile-

Butadiene-Styrene (ABS) Plastic Pipe and 
Fittings 

 
ASTM D 2239 (1996a) Polyethylene (PE) Plastic Pipe (SIDR-

PR) Based on Controlled Inside Diameter 
 
ASTM D 2241 (1996b) Poly(Vinyl Chloride) (PVC) Pressure-

Rated Pipe (SDR Series) 
 
ASTM D 2282 (1996a) Acrylonitrile-Butadiene-Styrene (ABS) 

Plastic Pipe (SDR-PR) 
 
ASTM D 2464 (1996a) Threaded Poly(Vinyl Chloride) (PVC) 

Plastic Pipe Fittings, Schedule 80 
 
ASTM D 2466 (1997) Poly(Vinyl Chloride) (PVC) Plastic 

Pipe Fittings, Schedule 40 
 
ASTM D 2467 (1996a) Poly (Vinyl Chloride) (PVC) Plastic 

Pipe Fittings, Schedule 80 
 
ASTM D 2468 (1996) Acrylonitrile-Butadiene-Styrene (ABS) 

Plastic Pipe Fittings, Schedule 40 
 
ASTM D 2564 (1996a) Solvent Cements for Poly(Vinyl 

Chloride) (PVC) Plastic Piping Systems 
 
ASTM D 2855 (1996) Making Solvent-Cemented Joints with 

Poly(Vinyl Chloride) (PVC) Pipe and Fittings 
 
ASME INTERNATIONAL (ASME) 

 
ASME B1.1 (1989) Unified Inch Screw Threads (UN and UNR 

Thread Form) 
 
ASME B1.20.1 (1983; R 1992) Pipe Threads, General Purpose 

(Inch) 
 
ASME B1.20.7 (1991; R 1998) Hose Coupling Screw Threads 

(Inch) 
 
ASME B16.1 (1989) Cast Iron Pipe Flanges and Flanged 

Fittings 
 
ASME B16.3 (1992) Malleable Iron Threaded Fittings 
 
ASME B16.9 (1993) Factory-Made Wrought Steel Buttwelding 

Fittings 
 
ASME B16.11 (1996) Forged Fittings, Socket-Welding and 

Threaded 
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ASME B16.15 (1985; R 1994) Cast Bronze Threaded Fittings 
Classes 125 and 250 

 
 
ASME B16.18 (1984; R 1994) Cast Copper Alloy Solder Joint 

Pressure Fittings 
 
ASME B16.22 (1995; B16.22a) Wrought Copper and Copper 

Alloy Solder Joint Pressure Fittings 
 
ASME B16.26 (1988) Cast Copper Alloy Fittings for Flared 

Copper Tubes 
 
ASME B16.28 (1994) Wrought Steel Buttwelding Short Radius 

Elbows and Returns 
 
ASME B16.34 (1997) Valves - Flanged, Threaded, and 

Welding End 
 
ASME B18.2.1 (1996) Square and Hex Bolts and Screws (Inch 

Series) 
 
ASME B18.2.2 (1987; R 1999) Square and Hex Nuts (Inch 

Series) 
 
ASME B36.10M (1996) Welded and Seamless Wrought Steel Pipe  

 
ASME B40.1 (1991) Gauges - Pressure Indicating Dial Type 

- Elastic Element 
 

AMERICAN SOCIETY OF SANITARY ENGINEERS (ASSE) 
 
ASSE 1001 (1990) Pipe Applied Atmospheric Type Vacuum 

Breakers 
 
AMERICAN WATER WORKS ASSOCIATION (AWWA) 

 
AWWA C104 (1995) Cement-Mortar Lining for Ductile-Iron 

Pipe and Fittings for Water 
 
AWWA C110 (1993) Ductile-Iron and Gray-Iron Fittings, 3 

In. Through 48 In. (75mm Through 1200 mm), 
for Water and Other Liquids 

 
AWWA C111 (1995) Rubber-Gasket Joints for Ductile-Iron 

Pressure Pipe and Fittings 
 
AWWA C150 (1996) Thickness Design of Ductile-Iron Pipe 

 
AWWA C151 (1996) Ductile-Iron Pipe, Centrifugally Cast, 

for Water or Other Liquids 
 
AWWA C153 (1994; Errata Nov 1996) Ductile-Iron Compact 

Fittings, 3 In. Through 24 In. (76 mm Through 
610 mm) and 54 In. Through 64 In.   (1,400 mm 
Through 1,600 mm) for Water Service 
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AWWA C651 (1992) Disinfecting Water Mains 
 

AMERICAN WELDING SOCIETY (AWS) 
 
AWS A5.8 (1992) Filler Metals for Brazing and Braze 

Welding 
 
AWS A5.10 (1992) Bare Aluminum and Aluminum Alloy 

Welding Electrodes and Rods 
 
AWS A5.11 (1997) Filler Metal Nickel & Nickel Alloy CVD 

 
AWS A5.14 (1997) Filler Metal Specifications for Nickel 

and Nickel Alloy Bare Welding Electrodes and 
Rods 

 
AWS D1.1 (1998) Structural Welding Code - Steel 

 
CODE OF FEDERAL REGULATIONS (CFR) 

 
29 CFR 1910 Occupational Safety and Health Standards 

 
DUCTILE IRON PIPE RESEARCH ASSOCIATION (DIPRA) 

 
DIPRA-Restraint Design (1997) Thrust Restraint Design for Ductile 

Iron Pipe 
 

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION (ISO) 
 
ISO 228-1 (1994) Pipe Threads Where Pressure-Tight 

Joints are not Made on the Threads - Part 1: 
Dimensions, Tolerances and Designation 

 
MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS) 

 
MSS SP-25 (1998) Standard Marking System for Valves, 

Fittings, Flanges and Unions 
 
MSS SP-58 (1993) Pipe Hangers and Supports - Materials, 

Design and Manufacture 
 
MSS SP-69 (1996) Pipe Hangers and Supports - Selection 

and Application 
 
MSS SP-89 (1998) Pipe Hangers and Supports - 

Fabrication and Installation Practices 
 

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 
 
NEMA 250 (1991) Enclosures for Electrical Equipment 

(1000 Volts Maximum) 
 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 
 
NFPA 49 (1994) Hazardous Chemical Data 
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NFPA 325-1 (1994) Fire Hazard Properties of Flammable 
Liquids, Gases and Volatile Solids 

 
NFPA 704 (1996) Identification of the Fire Hazards of 

Materials for Emergency Response 
 

RUBBER MANUFACTURERS ASSOCIATION (RMA) 
 
RMA IP-2 (1996) Hose Handbook 

 
SSPC: THE SOCIETY FOR PROTECTIVE COATINGS (SSPC) 

 
SSPC SP 6/NACE 3 (1994) Commercial Blast Cleaning 

 
1.2   UNIT PRICES 
 
Measurement and payment will be based on completed work performed in 
accordance with the drawings, specifications and the contract payment 
schedules.  No payment will be made under this section for excavation, 
trenching, or backfilling.  Payment for such work will be made under Section 
02316 EXCAVATION, TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS. 

 
1.2.1   Measurement 
 
The length of pipelines, for which payment will be made, shall be determined 
by measuring along the centerlines of the various piping systems and sizes 
as furnished and installed.  Pipe shall be measured from the center of 
fitting to center of fitting and from center of main header to end of pipe.  
No deduction shall be made for the space occupied by valves or fittings. 

 
1.2.2   Connections to Existing Piping 
 
Connections to existing piping systems where new fittings in the existing 
line are required will be paid for according to the contract prices for such 
connection.  The price will be considered as full compensation for material 
and labor required for the removal and replacement of the existing pipe as 
necessary. 

 
1.2.3   Connections to Existing Equipment 
 
Connections to existing equipment where new fittings for the existing 
equipment are required will be paid for according to the contract prices for 
such connection.  The price will be considered as full compensation for 
material and labor required for the installation of new fittings or the 
removal and replacement of existing fittings, as necessary. 

 
1.3   SYSTEM DESCRIPTION 
 
This specification covers the requirements for above and below grade liquid 
process pipe, pipe supports, fittings, equipment and accessories located 
both inside and outside of treatment plants. 

 
1.3.1   Design Requirements 
 
Support systems shall be selected and designed within the specified spans 
and component requirements.  The absence of pipe supports and details on the 
contract drawings does not relieve the Contractor of responsibility for 
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sizing and providing supports throughout facility.  The structural design, 
selection, fabrication and erection of piping support system components 
shall satisfy the seismic requirements in accordance with Section 15070 
SEISMIC PROTECTION FOR MECHANICAL EQUIPMENT as indicated. 

 
1.3.2   Performance Requirements 
 
The pressure ratings and materials specified represent minimum acceptable 
standards for piping systems.  The piping systems shall be suitable for the 
services specified and intended.  Each piping system shall be coordinated to 
function as a unit.  Flanges, valves, fittings and appurtenances shall have 
a pressure rating no less than that required for the system in which they 
are installed. 

 
1.3.2.1   Buried Piping Systems 
 
Piping systems shall be suitable for design conditions, considering the 
piping both with and without internal pressure.  Consideration shall be 
given to all operating and service conditions both internal and external to 
the piping systems. 

 
1.3.2.2   Above Grade Piping Systems 
 
Piping systems shall be suitable for design conditions, considering the 
piping both with and without internal pressure, and installation factors 
such as insulation, support spans, and ambient temperatures.  Consideration 
shall be given to all operating and service conditions both internal and 
external to the piping systems. 

 
1.4   SUBMITTALS 
 
Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office that 
will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-02 Shop Drawings 

 
Pipe and Equipment 

 
  Equipment shop drawings and support system detail drawings 
showing piping systems and appurtenances, such as mechanical 
joints, valves, local indicators and hangers, including a complete 
list of equipment and materials.  As-built drawings showing pipe 
anchors and guides, and layout of piping systems relative to other 
parts of the work including clearances for maintenance and 
operation.  As-built piping and instrumentation diagrams (P&IDs) 
identifying and labeling equipment, instrumentation, valves, vents, 
drains, and all other inline devices; if the contract drawings 
contained P&IDs, the P&IDs found in the contract drawings shall be 
revised to reflect the constructed process system, as directed by 
the Contracting Officer. 

 
SD-03 Product Data 

 
Qualifications 

15200-8 



 
  A statement certifying that the Contractor has the specified 
experience. 

 
Waste Water Disposal 

 
  The method proposed for disposal of waste water from hydrostatic 
tests and disinfection, and all required permits, prior to 
performing hydrostatic tests. 

 
Assistance and Training 

 
  A signed statement certifying that the installation is 
satisfactory and in accordance with the contract drawings and 
specifications and the manufacturer's prescribed procedures and 
techniques, upon completion of the project and before final 
acceptance. 

 
Delivery, Storage and Handling 

 
  Material safety data sheets. 

 
Materials and Equipment 

 
  Manufacturer's descriptive and technical literature for each 
piping system, including design recommendations; pressure and 
temperature ratings; dimensions, type, grade and strength of pipe 
and fittings; thermal characteristics (coefficient of expansion and 
thermal conductivity); and chemical resistance to each chemical and 
chemical mixture in the liquid stream. 

 
Installation 

 
  The manufacturer's installation recommendations or instructions 
for each material or procedure to be utilized, including materials 
preparation. 

 
Pipe Schedule 

 
  A list of piping systems, pressure ratings and source of supply 
for each piping system broken out by material, size and application 
as indicated on the contract drawings.  A list of any special tools 
necessary for each piping system and appurtenances furnished for 
adjustment, operation, maintenance and disassembly of the system. 

 
Valve Schedule 

 
  A list of valve materials, pressure ratings, valve operator's 
materials, air supply pressure, electrical service, location, 
source of supply, and reference identification as indicated in the 
contract drawings.  A list of any special tools necessary for each 
valve type and appurtenances furnished for adjustment, operation, 
maintenance and disassembly. 

 
SD-06 Test Reports 

 
Pipe Leakage Tests 
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Hydrostatic Tests 
Pneumatic Tests 
Valve Testing 
Disinfection 

 
Copies of all field test reports within 24 hours of the completion 
of the test. 

 
SD-10 Operation and Maintenance Data 

 
Piping and Appurtenances 

 
  6 copies each of operation and maintenance manuals in indexed 
booklet form.  Operation manuals shall detail the step-by-step 
procedures required for specialized startup, operation and shutdown 
of piping systems, and shall include the manufacturer's name, model 
number, parts list and brief description of piping equipment such 
as valves and other appurtenances and their basic operating 
features.  Maintenance manuals shall list routine maintenance 
procedures and troubleshooting guides for the equipment, and shall 
include piping layout and valve locations. 

 
1.5   QUALIFICATIONS 
 
1.5.1   Contractor 
 
Contractor shall have successfully completed at least 3 projects of the same 
scope and size or larger within the last 6 years. Contractor shall 
demonstrate specific experience in regard to the system installation to be 
performed. 

 
1.6   GENERAL JOB REQUIREMENTS 
 
Piping materials and appurtenances shall be as specified and as shown on the 
drawings, and shall be suitable for the service intended.  Piping materials, 
appurtenances and equipment supplied as part of this contract shall be new 
and unused except for testing equipment.  Components that serve the same 
function and are the same size shall be identical products of the same 
manufacturer.  The general materials to be used for the piping systems are 
indicated by service. 

 
1.6.1   Components 
 
Piping equipment and appurtenances shall be new products of equal material 
and ratings as the connecting pipe. 

 
1.6.2   Standard Products 
 
Material and equipment shall be the standard products of a manufacturer 
regularly engaged in the manufacturing of the products and shall essentially 
duplicate items that have been in satisfactory use for at least 2 years 
prior to bid opening.  Nominal sizes for standardized products shall be 
used.  Pipe, valves, fittings and appurtenances shall be supported by a 
service organization that is, in the opinion of the Contracting Officer, 
reasonably convenient to the site. 

 

15200-10 



1.6.3   Identification 
 
Each piece of pipe shall bear the ASTM designation and all other markings 
required for that designation.  Valves shall bear a securely attached tag 
with the manufacturer's name, valve model number, and valve identification 
permanently displayed and be marked in accordance with MSS SP-25. 

 
1.7   DELIVERY, STORAGE AND HANDLING 
 
Materials delivered and placed in storage shall be stored with protection 
from the weather, excessive humidity variation, excessive temperature 
variation, dirt, dust and/or other contaminants.  Proper protection and care 
of material before, during and after installation is the Contractor's 
responsibility.  Any material found to be damaged shall be replaced at the 
Contractor's expense.  During installation, piping shall be capped to keep 
out dirt and other foreign matter.  A material safety data sheet in 
conformance with 29 CFR 1910 Section 1200(g) shall accompany each chemical 
delivered for use in pipe installation.  At a minimum, this includes all 
solvents, solvent cements, glues and other materials that may contain 
hazardous compounds.  Handling shall be in accordance with ASTM F 402.  
Storage facilities shall be classified and marked in accordance with NFPA 
704, with classification as indicated in NFPA 49 and NFPA 325-1.  Materials 
shall be stored with protection from puncture, dirt, grease, moisture, 
mechanical abrasions, excessive heat, ultraviolet (UV) radiation damage, or 
other damage.  Pipe and fittings shall be handled and stored in accordance 
with the manufacturer's recommendation.  Plastic pipe shall be packed, 
packaged and marked in accordance with ASTM D 3892. 

 
1.8   PROJECT/SITE CONDITIONS 
 
1.8.1   Existing Conditions 
 
The Contractor shall be responsible for the verification of existing piping 
and penetrations.  Prior to ordering materials, the Contractor shall expose 
all existing pipes which are to be connected to new pipelines.  The 
Contractor shall verify the size, material, joint types, elevation, 
horizontal location, and pipe service of existing pipes, and inspect size 
and location of structure penetrations to verify adequacy of wall sleeves, 
and other openings before installing connecting pipes. 

 
1.8.2   Verification of Dimensions 
 
After becoming familiar with all details of the work, the Contractor shall 
verify all dimensions in the field, and shall advise the Contracting Officer 
of any discrepancy before performing the work. 

 
1.9   SEQUENCING AND SCHEDULING 
 
For slab, floor, wall, and roof penetrations, the Contractor shall have 
onsite pertinent wall pipes and sleeves before they are required for 
placement in concrete forms.  The Contractor shall verify and coordinate the 
size and location of building and structure pipe penetrations before forming 
and placing concrete. 

 
PART 2   PRODUCTS 
 

15200-11 



2.1   DUCTILE IRON PIPING SYSTEM 
 
2.1.1   Ductile Iron Pipe – Underground Utilities 
 
Ductile iron pipe for pressure service shall have a design and wall 
thickness conforming to AWWA C150.  Ductile iron pipe shall have a standard 
cement lining conforming to AWWA C104. 

 
2.1.2   Ductile Iron Joints 
 
Joints shall have a working pressure rating for liquids equal to the 
pressure rating of the connected pipe. Gaskets, glands, bolts and nuts shall 
be furnished with mechanical joints in sufficient quantity for the complete 
assembly of each joint.  Dielectric fittings or isolation joints shall be 
provided between all dissimilar metals. 

 
2.1.3   Ductile Iron Fittings 
 
Fittings shall be gray iron ASTM A 48 or ductile iron AWWA C110.  Up to 12 
inches inclusive, the fittings shall be 250 psig rated.  Gray iron fittings 
shall be cement mortar lined standard thickness.   

 
2.1.4   Corrosion Control 
 
Ductile iron piping shall be coated with the manufacturer's standard 
asphaltic coating, approximately 1 mil thick, applied to the outside of pipe 
and fittings. 

 
2.2   COPPER PIPING SYSTEM 
 
2.2.1   Copper Tubing – Domestic Water & Refrigerant Service 
 
Seamless copper alloy tubing shall conform to ASTM B 88 alloy C12200, Type K 
and L. Specifications for applications include:  refrigerant tubing - Type 
L, hard drawn P-trap priming connection - Type L, soft Temper; sample lines 
- Type L, hard drawn; above ground domestic water – type L, below ground 
domestic water – type K. 

 
2.2.2   Copper Joints 
 
Pipe shall be joined using soldered or brazed fittings and threaded 
connections.  Tubing shall be joined using solder or compression fittings.  
Dielectric fittings or isolation joints shall be provided between all 
dissimilar metals. 

 
2.2.3   Copper Fittings 
 
Solder joint fittings shall conform to ASME B16.22 and ASME B16.18.  
Fittings for flared copper tube shall conform to ASME B16.26.  Cast bronze 
threaded fittings shall conform to ASME B16.15 and shall be threaded in 
accordance with ASME B1.20.1.  Tubing compression fittings shall be forged 
brass alloy C37700, conforming to ASTM B 124, nuts, ferrules and bodies 
rated to a minimum 125 psig with straight threads conforming to ASME B1.1. 

 
2.2.4   Solder For Copper Piping 
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Solder and flux shall conform to ASTM B 32.  The solder alloy shall contain 
less than 0.2 percent lead.  The flux type shall be suitable for potable 
water piping systems and shall conform to ASTM B 813. 

 
2.2.5   Copper Piping Supports 
 
The piping system shall be supported using copper padded steel piping 
supports that conform to MSS SP-58, MSS SP-69 and MSS SP-89.  Conventional 
steel and galvanized pipe hangers shall not be used for copper piping 
systems.  All valves, instruments and other equipment attached to the piping 
system shall be individually supported. 

 
2.3   PLASTIC PIPING SYSTEM 
 
2.3.1   Polyvinyl Chloride (PVC) – Condensate Service 
 
2.3.1.1   PVC Pipe 
 
PVC, ASTM D 1784, minimum cell classification 12545-C, pipe shall be 
Schedule 40 conforming to ASTM D 1785 manufactured to an SDR rating in 
accordance with ASTM D 2241, so that the pressure rating of the pipe is 
consistent for all pipe sizes.   

 
2.3.1.2   PVC Tubing 
 
Tubing shall be flexible and clear with nominal size and wall thickness. 

 
2.3.1.3   PVC Joints 
 
The piping system shall be joined by mechanical connections except where 
connecting to unions, valves, and equipment with threaded connections that 
may require future disassembly.  Connections at those points shall be 
threaded and back-welded.  Tubing connections shall use compression 
fittings. 

 
2.3.1.4   PVC Fittings 
 
The schedule rating for the fittings shall not be less than that for the 
associated pipe.  Fittings shall be ASTM D 1784, minimum cell classification  

 
a.  Push-on Joints.  Push-on type joints shall be sealed with ethylene 

propylene rubber (EPR) gaskets in accordance with ASTM F 477. 
 
2.3.1.5   PVC Solvent Cement 
 
Socket connections shall be joined with PVC solvent cement conforming to 
ASTM D 2564.  Manufacture and viscosity shall be as recommended by the pipe 
and fitting manufacturer to assure compatibility.  Joints shall be prepared 
with primers conforming to ASTM F 656 prior to cementing and assembly. 

 
2.3.2   Cast Iron Piping 
 
2.3.2.1   Cast Iron Pipe – Domestic Waste and Vent 
 
Service weight no-hub cast iron pipe per CISPI-301.  Or, bell & spigot 
service weight cast iron per ANSI/ASTM A74 coated with tar pitch. 
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2.3.3.2   Joints 
 
Pipe shall be joined by mechanically coupled joints with cast iron or 
stainless steel couplings complying with CISPI-301, having neoprene gaskets 
per ASTM C564.  Or, bell & spigot joints with oakum and lead or neoprene 
gaskets per ASTM C564 or CISP-HSN. 

 
2.3.4.3   Fittings 
 
Cast iron fittings complying with CISPI-301 with mechanically coupled 
joints. Or, fittings equipped with bell & spigot joints and neoprene 
gaskets.  

 
2.4   ISOLATION JOINTS AND COUPLINGS 
 
2.4.1   Dielectric Fittings 
 
Dielectric fittings shall be provided between threaded ferrous and 
nonferrous metallic pipe, fittings and valves.  Dielectric fittings shall 
prevent metal-to-metal contact of dissimilar metallic piping elements and 
shall be suitable for the required working pressure, temperature and 
corrosive application. 

 
2.4.2   Isolation Joints 
 
Isolation joints shall be provided between nonthreaded ferrous and 
nonferrous metallic pipe fittings and valves.  Isolation joints shall 
consist of an isolation gasket of the dielectric type, isolation washers and 
isolation sleeves for flange bolts.  Isolation gaskets shall be full faced 
with an outside diameter equal to the flange outside diameter.  Bolt 
isolation sleeves shall be full length.  Units shall be of a shape to 
prevent metal-to-metal contact of dissimilar metallic piping elements. 

 
2.5   VALVES 
 
2.5.1   General Requirements For Valves 
 
Valves shall include operator, actuator, handwheel, chain wheel, extension 
stem, floor stand, worm and gear operator, operating nut, chain, wrench, and 
all other accessories required for a complete operation.  The valves shall 
be suitable for the intended service.  Renewable parts are not to be of a 
lower quality than those specified.  Valves shall be the same size as 
adjoining pipe.  Valve ends shall be compatible with adjacent piping system.  
An operator shall be sized to operate the associated valve for the full 
range of pressures and velocities.  Valves will open by turning 
counterclockwise.  Operators, actuators, and accessories shall be factory 
mounted. 

 
2.5.2   Check Valves 
 
2.5.2.1   Swing Check Valves 
 
Swing check valves shall conform to the following: 

 
a.  Swing check valves, 2 inches and smaller, shall have a bronze body, 

in accordance with ASME B16.18 solder joint ends.  Valves shall 
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have a swing type, replaceable butadiene acrylonitrile disc.  
Valves shall be rated for 200 psig service. 

 
2.5.3   Ball Valves 
 
2.5.3.1   General Purpose Ball Valves 
 
General purpose ball valves shall conform to the following: 

 
a.  Ball valves, 2 inches and smaller, shall be end entry type with 

bronze soldered ports.  Valves shall have polytetrafluoroethylene  
PTFE seats and packing, chrome plated balls and hand lever 
operators.  Valves shall be rated for 400 psig service at 150 
degrees F and shall conform to ASME B16.34.  A union shall be 
installed adjacent to the valves to provide access to the seat. 

 
2.5.4   Gate Valves 
 
2.5.4.1   General Service Gate Valves 
 
General service gate valves shall conform to the following: 

 
a.  Gate valves, 2 inches and smaller, shall have bronze bodies and 

stems, screwed bonnets, single solid wedge bronze discs, and rising 
stems.  Valves shall be rated for 175 psig service and conform to 
ASME B16.34.  End connections shall be ASME B16.11 threaded.  
Valves shall be equipped with handwheel operators. 

 
2.5.5   Valve Accessories 
 
2.5.5.1   Tagging 
 
Identification tags made of brass indicating service and valve number shall 
be installed on valves using No. 12 AWG copper wire. 

 
2.6   MISCELLANEOUS PIPING COMPONENTS 
 
2.6.1   Air Release and Vacuum Breakers 
 
Air release vents shall be located, and vented, such that a hazardous 
atmosphere will not be created upon operation. 

 
2.6.1.1   Locations 
 
All pipeline high points shall have air release vents. Vacuum breakers shall 
be provided on all tanks and process equipment. 

 
2.6.1.2   Vacuum Breakers 
 
Vacuum breakers 2 inches and smaller shall be an angle type with all bronze 
bodies and bonnets, and shall be installed at least 6 inches above the flood 
line of associated equipment. 

 
2.7   PIPE SUPPORTS AND PENETRATIONS 
 
Auxiliary steel shall be provided by the Contractor where the support of 
piping systems and equipment is required between building structural 
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elements.  Light gauge and structural steel shapes shall conform to the 
requirements of ASTM A 36/A 36M.  The Contractor shall have the option to 
use pre-engineered support systems of electrogalvanized steel products.  
However, a mixture of support system manufacturers products is not 
permitted.   

 
2.7.1   Pipe Supports 
 
Pipe supports shall conform to the requirements of MSS SP-58, MSS SP-69, and 
MSS SP-89.  Where pipe supports contact bare piping or in-line devices, 
provide supports of compatible material so that neither shall have a 
deteriorating action on the other. 

 
2.7.1.2   Riser Clamps 
 
Vertical runs of piping shall be supported at each floor, or closer where 
required, with ASTM A 36/A 36M carbon steel clamps bolted around pipes and 
attached to the building construction.  Copper plated clamps shall be 
provided for copper tubing support. Two bolt-type clamps designed for 
installation under insulation shall be used on insulated pipe runs. 

 
2.7.1.3   Brackets 
 
Where piping is run adjacent to walls or steel columns, the Contractor shall 
provide welded ASTM A 36/A 36M steel brackets, pre-punched with a minimum of 
two fastener holes. 

 
2.7.1.4   Offset Pipe Clamp 
 
Where pipes are indicated as offset from wall surfaces, a double-leg design 
two-piece pipe clamp shall be supplied by the Contractor. 

 
2.7.1.5   Racks 
 
Multiple pipe racks or trapeze hangers shall be fabricated from ASTM A 36/A 
36M steel, and designed to suit the conditions at the points of 
installation.  Pipes shall be kept in their relative positions to each other 
by the use of clamps or clips.  Pipelines subject to thermal expansion must 
be free to slide or roll. 

 
2.7.1.6   Hangers 
 
Hangers shall be fabricated of malleable iron, ASTM A 47 ASTM A 36/A 36M 
carbon steel.  All hangers shall be of a uniform type and material for a 
given pipe run and application.  Coated or plated hangers shall be used to 
isolate steel hangers from dissimilar metal tube or pipe.  Hangers for pipe 
sizes 2.5 inches or larger shall incorporate a means of vertical adjustment 
after erection while supporting the load.  For piping systems with operating 
temperatures from 122 to 446 degrees F the following shall be used:  MSS SP-
58 Type 1 or 3 through 12 hangers with overhead support and appropriate 
saddle of MSS SP-58 Type 40 for insulated pipe. 
  

2.7.1.7   Hanger Rods 
 
Hanger rods shall be carbon steel conforming to ASTM A 576.  The diameter of 
the rods for piping system support shall conform to the contract drawings 
ASME B31.1. 
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2.7.2   Flashing Sleeves 
 
Where piping penetrates roofs, 4 lb. lead flashing shall be provided.  The 
flashing shall extend 8 inches from the pipe in all directions, extend up 
the pipe, and shall be fitted with double-threaded flashing for pipes 75 mm 
3 inches and smaller.  Flashing shall turn down inside the pipe for 100 mm 4 
inches and larger pipes. 

 
2.7.3   Wall Penetrations 
 
2.7.3.1   Above Grade Wall Penetrations 
 
Piping which passes through fire-rated or smoke-rated walls, floors, or 
ceilings shall be provided with insulated and encased pipe sleeves.  
Penetrations through an existing fire or fire barrier wall shall be sealed 
with a fire stop system that has an "F" rating not less than the required 
fire resistance rating of the penetrated wall.  The fire stopping sealant 
for metal piping systems shall be a water based nonslumping, premixed 
sealant with intumescent properties, that is rated for 3 hours pursuant to 
ASTM E 814 and UL requirements.  The fire stopping sealant for plastic and 
insulated piping systems shall be a polysiloxane (also known as silicone) 
based, nonslumping, premixed sealant with intumescent properties, that is 
vibration and moisture resistant, and is rated for 3 hours pursuant to ASTM 
E 814 and UL requirements with metal collars.  Vented plastic pipe 
penetrations shall be fitted with galvanized steel collars that have 
intumescent inlays. 

 
2.7.3.2   Below Grade Wall Penetrations 
 
Below-grade wall penetrations shall be provided with hydrostatic seals 
designed to seal opening between pipe or conduit and a through-structure 
opening.  The seals shall be modular mechanical type consisting of 
interlocking synthetic rubber links shaped to continuously fill the annular 
space between the pipe and wall opening. 

 
PART 3   EXECUTION 
 
3.1   PREPARATION 
 
3.1.1   Protection 
 
Pipe and equipment openings shall be closed with caps or plugs during 
installation.  Equipment shall be protected from dirt, water, and chemical 
or mechanical damage. 

 
3.1.2   System Preparation 
 
3.1.2.1   Pipe and Fittings 
 
Pipe and fittings shall be inspected before exposed piping is installed or 
buried piping is lowered into the trench.  The Contractor shall clean the 
ends of pipes thoroughly, remove foreign matter and dirt from inside of 
pipes, and keep piping clean during and after laying. 

 
3.1.2.2   Damaged Coatings 
 

15200-17 



The Contractor shall repair damaged coating areas in the field with material 
equal to the original coating, except for damaged glass-lined pipe which 
shall be promptly removed from the site.  The Contractor shall not install 
damaged piping materials.  Field repair of damaged and uncoated areas of 
galvanized piping shall conform to ASTM A 780. 

 
3.1.2.3   Field Fabrication 
 
The Contractor shall notify the Contracting Officer at least 2 weeks prior 
to the field fabrication of pipe or fittings and at least 3 days prior to 
the start of any surface preparation or coating application work.  Field 
welding shall be performed in accordance with Section 05093 WELDING PRESSURE 
PIPING.  Welding electrodes shall be provided in accordance with Table 4.1 
of AWS D1.1 as required for the applicable base metals and welding process.  
Fabrication of fittings shall be performed in accordance with the 
manufacturer's instructions. 

 
3.2   EXPOSED PIPING INSTALLATION 
 
Exposed piping shall be run as straight as practical along the alignment 
shown on the contract drawings and with a minimum of joints.  Piping and 
appurtenances shall be installed in conformance with reviewed shop drawings, 
manufacturer's instructions and ASME B31.3.  Piping shall be installed 
without springing or forcing the pipe. 

 
3.2.1   Anchors and Fasteners 
 
Impact expansion (hammer and explosive charge drive-type) anchors and 
fastener systems are not acceptable.  Lead shields, plastic or fiber 
inserts, and drilled-in plastic sleeve/nail drive systems are also not 
acceptable. 

 
3.2.1.1   Drilled-In Expansion Anchors and Fasteners 
 
Anchors shall be designed to accept both machine bolts and/or threaded rods.  
Such anchors shall consist of an expansion shield and expander nut contained 
inside the shield.  The expander nut shall be fabricated and designed to 
climb the bolt or rod thread and simultaneously expand the shield as soon as 
the threaded item, while being tightened, reaches, and bears against the 
shield bottom.  The shield body shall consist of four legs, the inside of 
each shall be tapered toward shield bottom (or nut end).  The end of one leg 
shall be elongated and turned across shield bottom.  The outer surface of 
shield body shall be ribbed for grip-action.  The expander nut shall be of 
square design with sides tapered inward from bottom to top.  The anchor 
materials of construction shall be TP304 stainless steel.  Fasteners shall 
be machine bolts for use with above anchors; nuts and washers shall conform 
to ASTM A 194/A 194M.  The anchor length, diameter, and embedment depth 
shall meet the manufacturer's requirements for the maximum allowable working 
load of the application. 

 
3.2.2   Piping Expansion Provisions 
 
The piping shall be installed to allow for thermal expansion resulting from 
the difference between installation and operating temperatures.  Anchors 
shall be installed as shown in the contract drawings to withstand expansion 
thrust loads and to direct and control thermal expansion.  An intermediate 
pipe guide shall be installed for every pipe at each metal channel framing 
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support not carrying an anchor or alignment guide.  Where pipe expansion 
joints are required, pipe alignment guides shall be installed adjacent to 
the expansion device and within 4 pipe diameters.  Expansion devices shall 
be installed in accordance with the manufacturer's instructions. 

 
3.2.3   Piping Flexibility Provisions 
 
Thrust protection shall be provided as required.  Flexible couplings and 
expansion joints shall be installed at connections to equipment, and where 
shown on the contract drawings.  Additional pipe anchors and flexible 
couplings beyond those shown on the contract drawings, shall be provided to 
facilitate piping installation, in accordance with reviewed shop drawings. 

 
3.2.4   Couplings, Adapters and Service Saddles 
 
Pipes shall be thoroughly cleaned of oil, scale, rust, and dirt in order to 
provide a clean seat for gaskets.  Gaskets shall be wiped clean prior to 
installation.   

 
3.2.5   Piping Equipment/Component Installation 
 
Piping components and indicators shall be installed in accordance with 
manufacturer's instructions.  Required upstream and downstream clearances, 
isolation valves, and miscellaneous devices shall be provided for an 
operable installation.   

 
3.2.6   Valve Locations           
 
Valves shall be located in accordance with the contract drawings where 
actuators are shown.  Where actuators are not shown, valves shall be located 
and oriented to permit easy access to the valve operator, and to avoid 
interferences. 

 
3.2.7   Pipe Tap Connections 
 
Taps to pipe barrels are unacceptable.  Taps to ductile iron piping shall be 
made only with a service saddle or at a tapping boss of a fitting, valve 
body, or equipment casting.  Taps to steel piping shall be made only with a 
welded threadolet connection. 

 
3.2.8   Plastic Pipe Installation 
 
All plastic pipe shall be cut, made up, and installed in accordance with the 
pipe manufacturer's recommendations.  Heat joining shall be performed in 
accordance with ASTM D 2657.  Electrofusion joining shall be performed in 
accordance with ASTM F 1290.  Schedule 40 pipe shall not be threaded.  
Schedule 80 threaded nipples shall be used where necessary to connect to 
threaded valves or fittings.  Strap wrenches shall be used for tightening 
threaded plastic joints, and care shall be taken not to over tighten these 
fittings.  Pipe shall not be laid when the temperature is below 40.1 degrees 
F, nor above 90 degrees F when exposed to direct sunlight.  Any plastic pipe 
installed above grade and outdoors shall be ultraviolet (UV) protected or UV 
resistant.  The pipe ends that are to be joined shall be shielded from 
direct sunlight prior to and during the laying operation.  Adequate 
ventilation shall be provided when working with pipe joint solvent cement 
and the handling of solvent cements, primers and cleaners shall be in 
accordance with ASTM F 402.  The Contractor shall provide and install 
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supports and hangers in accordance with the manufacturer's recommendations.  
Where plastic pipe is subjected to severe temperature fluctuations, 
provisions for expansion and contraction must be provided.  This shall be 
accomplished with the use of expansion joints and offset piping 
arrangements.  All lines shall be hydrostatically tested at the maximum 
operating pressures. 

 
3.2.9.1   PVC Piping 
 
Solvent-cemented joints shall be constructed in accordance with ASTM D 2855. 

 
3.2.10   Insulation 
 
In the contract drawings in accordance with the provisions of Section 15080 
THERMAL INSULATION FOR MECHANICAL SYSTEMS. 

 
3.3   BURIED PIPE PLACEMENT 
 
3.3.1   Excavation and Backfilling 
 
Earthwork shall be performed as specified in Section 02316 EXCAVATION, 
TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS.  Backfilling shall be 
accomplished after inspection by the Contracting Officer.  The Contractor 
shall exercise care when lowering pipe into the trench to prevent damage or 
twisting of the pipe. 

 
3.3.2   Fittings 
 
At valves and connections, the trench bottom shall be dug out with 
sufficient length, width, and depth to ensure clearance between the 
undisturbed trench bottom and the valves and such connections. 

 
3.4   CONNECTING DISSIMILAR PIPE 
 
Flexible transition couplings, dielectric fittings and isolation joints 
shall be installed in accordance with the manufacturer's instructions. 

 
3.5   EXTERNAL CORROSION PROTECTION 
 
Protect all pipe and piping accessories from corrosion and adverse 
environmental conditions. 

 
3.6   PENETRATIONS 
 
Steel pipe sleeves shall be hot-dipped galvanized after fabrication for 
above grade applications in nonsubmerged areas.  For below grade, or in 
submerged and damp environments, steel pipe sleeves shall be lined and 
coated as specified in Section 09900 PAINTING, GENERAL.  Embedded metallic 
piping shall be isolated from concrete reinforcement using coated pipe 
penetrations.  Coatings shall be as specified in Section 09900 PAINTING, 
GENERAL.  Wall pipes shall be securely supported by form work to prevent 
contact with reinforcing steel and tie-wires.  Joints shall be caulked with 
rubber sealant or sealed with a wall penetration seal.  For existing 
concrete walls, rotary drilled holes may be provided in lieu of sleeves. 

 
3.7   VALVE INSTALLATION 
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Flanged valve bolt holes shall be installed so as to straddle the vertical 
centerline of pipe.  Flanged faces shall be cleaned prior to inserting the 
gasket and bolts, and then the nuts shall be tightened progressively and 
uniformly.  Threaded ends shall have the threads cleaned by wire brushing or 
swabbing prior to installation. 

 
3.7.1   Valve Orientation 
 
The operating stem of a manual valve shall be installed in a vertical 
position when the valve is installed in horizontal runs of pipe having 
centerline elevations 4.5 feet or less above finished floor, unless 
otherwise shown on contract drawings.  The operating stem of a manual valve 
shall be installed in a horizontal position in horizontal runs of pipe 
having centerline elevations between 4.5 feet and 6.75 feet above finish 
floor, unless otherwise shown on contract drawings. 

 
3.8   AIR RELEASE, DRAINS AND SAMPLE PORTS 
 
Sample ports shall be provided where indicated on the contract drawings.  
The Contractor shall install specified vents at piping high points for 
entrapped air release and install drains in the low points of pipelines 
regardless of whether shown on contract drawings. 

 
3.9   PIPING SUPPORT SYSTEMS INSTALLATION 
 
The absence of pipe supports and details on the contract drawings shall not 
relieve the Contractor of responsibility for sizing and providing supports 
throughout plant. 

 
3.9.1   General Support Requirements 
 
Pipe support systems shall meet the requirements of MSS SP-58.  Contractor-
designed and selected support systems shall be installed in accordance with 
MSS SP-69, and as specified herein.  Piping connections to equipment shall 
be supported by pipe supports and not off the equipment.  Large or heavy 
valves, fittings, and/or equipment shall be supported independently of 
associated piping.  Pipes shall not be supported off other pipes.  Supports 
shall be provided at piping changes in direction or in elevation, adjacent 
to flexible joints and couplings, and where otherwise shown on the contract 
drawings.  Pipe supports and hangers shall not be installed in equipment 
access areas or bridge crane runs.  Hanging pipes shall be braced against 
horizontal movement by both longitudinal and lateral sway bracing.  At each 
channel type support, every pipe shall be provided with an intermediate pipe 
guide, except where pipe anchors are required.  Existing support systems may 
be used to support additional new piping only if the Contractor can 
demonstrate that the existing support systems are adequate for the 
additional loads, or if the existing systems are strengthened to support the 
additional loads.  Pedestal type pipe supports shall be provided under base 
flanges adjacent to rotating equipment and where required to isolate 
vibration.  Piping 2.5 inches in diameter and larger shall be braced for 
seismic forces.  Lateral supports for seismic loads shall be installed at 
all changes in direction. 

 
3.9.2   Support of Insulated Piping 
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The Contractor shall install oversized supports to fit the insulation 
inserts.  Supports shall be provided with galvanized or stainless steel 
protection shields and oversized rollers. 

 
3.9.3   Dielectric Barriers 
 
Dielectric barriers shall be installed between supports and copper or 
stainless steel piping, and between stainless steel supports and non-
stainless steel ferrous piping. 

 
3.9.4   Support Spacing 
 
3.9.4.1   Acceptable Limits for Piping 
 
Support all piping per uniform plumbing code & uniform mechanical code. 

 
3.9.5   Support Methods 
 
Piping support shall be provided as specified.  Single horizontal suspended 
piping shall be supported by adjustable swivel-ring, split-ring, or clevis 
hangers.  Multiple horizontal suspended piping shall be supported by trapeze 
hangers with channel type supports.  Horizontal pedestal mounted piping 
shall have saddle type supports.  Horizontal wall mounted piping shall have 
wall brackets.  Vertical piping shall be supported by wall brackets. 

 
3.10   FIELD QUALITY CONTROL 
 
3.14.1   Hydrostatic Tests 
 
Where any section of a pipeline is provided with concrete thrust blocking 
for fitting, the hydrostatic tests shall not be made until at least 5 days 
after the installation of the concrete thrust blocking, unless otherwise 
approved by the Contracting Officer. 

 
3.10.1.1   Buried Piping 
 
After the pipe is laid, the joints completed and the trench partially 
backfilled leaving the joints exposed for examination, the newly laid piping 
or any valved section of piping shall, unless otherwise specified, be 
subjected for 1 hour to a hydrostatic test pressure of 125 psig.  Each valve 
shall be opened and closed several times during the test.  Exposed pipe, 
joints, fittings, and valves shall be carefully examined during the 
partially open trench test.  Joints showing visible leakage shall be 
replaced as necessary.  Defective pipe, joints, fittings, and valves found 
during the pressure test shall be removed and replaced with new material, 
and the test repeated until the test results are satisfactory.  The 
requirement for the joints to remain exposed for the hydrostatic tests may 
be waived by the Contracting Officer when one or more of the following 
conditions are encountered:  (1) wet or unstable soil conditions in the 
trench; (2) compliance would require maintaining barricades and walkways 
around and across an open trench in a heavily used area that would require 
continuous surveillance to assure safe conditions; or (3) maintaining the 
trench in an open condition would delay completion of the Contract.  The 
Contractor may request a waiver, setting forth in writing the reasons for 
the request and stating the alternative procedure proposed to comply with 
the hydrostatic tests.  Backfill placed prior to the tests shall be placed 
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in accordance with the requirements of Section 02316 EXCAVATION, TRENCHING, 
AND BACKFILLING FOR UTILITIES SYSTEMS. 

 
3.11   FINAL CLEANING 
 
3.11.1   Interim Cleaning 
 
The Contractor shall prevent the accumulation of weld rod, weld spatter, 
pipe cuttings and filings, gravel, cleaning rags, and other foreign material 
within piping sections during fabrication.  The piping shall be examined to 
assure removal of these and other foreign objects prior to assembly and 
installation. 

 
3.11.2   Flushing 
 
Following assembly and testing, and prior to final acceptance, piping 
systems shall be flushed with water to remove accumulated construction 
debris and other foreign matter.  The piping shall be flushed until all 
foreign matter is removed from the pipeline.  The Contractor shall provide 
all hoses, temporary pipes, ditches, and other items as required to properly 
dispose of flushing water without damage to adjacent properties.  The 
minimum flushing velocity shall be 2.5 fps.  For large diameter pipe where 
it is impractical to flush the pipe at the minimum flushing velocity, the 
pipeline shall be cleaned in-place from the inside by brushing and sweeping, 
then flushing the pipeline at a lower velocity.  Cone strainers shall be 
installed in the flushing connections of attached equipment and left in 
place until cleaning is completed.  Accumulated debris shall be removed 
through drains, or by removing spools or valves. 

 
3.11.3   Disinfection 
 
The Contractor shall disinfect the domestic water.  Before acceptance of 
piping system operation, each section of completed pipeline shall be 
disinfected as specified herein.  After pressure tests have been made, the 
piping section to be disinfected shall be thoroughly flushed with water 
until all entrained dirt and mud have been removed before introducing the 
chlorinating material.  The chlorinating material shall be liquid chlorine.  
The chlorinating material shall provide a dosage of not less than 50 ppm and 
shall be introduced into the piping in an approved manner.  In no case shall 
the agent be introduced into the line in a dry solid state.  The treated 
water shall be retained in the pipe long enough to destroy all non-spore-
forming bacteria.  Except where a shorter period is approved, the retention 
time shall be at least 24 hours and shall produce not less than 25 ppm of 
free chlorine residual throughout the line at the end of the retention 
period.  All valves on the lines being disinfected shall be opened and 
closed several times during the contact period.  The line shall then be 
flushed with clean water until the residual chlorine is reduced to less than 
1.0 ppm.  During the flushing period, each outlet on the line shall be 
opened and closed several times.  From several points in the pipeline 
section, the Contracting Officer will take samples of water in sterilized 
containers for bacterial examination, approved by the Contracting Officer, 
shall take samples in sterilized containers and have a bacterial examination 
performed by a commercial laboratory in accordance with state approved 
methods.  The commercial laboratory must be certified by the state's 
approving authority for examination of potable water.  The disinfection 
shall be repeated until the piping system passes the bacterial examination 
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for 2 consecutive days.  The piping system will not be accepted until 
satisfactory bacteriological results have been obtained. 

 
3.12   WASTE WATER DISPOSAL 
 
The water used for testing, cleaning, flushing and/or disinfection shall be 
disposed of in accordance with all applicable regulations.  Disposal is 
solely the responsibility of the Contractor.  The method proposed for 
disposal of waste water shall be provided to, and approved by, the 
Contracting Officer prior to performing any testing, cleaning, flushing and 
disinfection activities. 

 
End Of Section 
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SECTION 15400 
 

PLUMBING, GENERAL PURPOSE 
 

 
PART 1   GENERAL 
 
1.1   REFERENCES 
 
The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only. 

 
AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

 
ANSI Z21.10.1 (1993; Z21.10.1a; Z21.10.1b; Z21.10.1c) Gas 

Water Heaters Vol. I, Storage Water Heaters 
with Input Ratings of 75,000 Btu Per Hour or 
Less 

 
ANSI Z21.10.3 (1998) Gas Water Heaters Vol. III, Storage 

Water Heaters with Input Ratings Above 75,000 
Btu Per Hour, Circulating and Instantaneous 
Water Heaters 

 
ANSI Z21.22 (1986; Z21.22a) Relief Valves and Automatic 

Gas Shutoff Devices for Hot Water Supply 
Systems 

 
AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

 
ASTM A 47/A 47M (1999) Ferritic Malleable Iron Castings 

 
 
ASTM A 53/A 53M (1999b) Pipe, Steel, Black and Hot-Dipped, 

Zinc-Coated, Welded and Seamless 
 
ASTM A 74 (1998) Cast Iron Soil Pipe and Fittings 

 
ASTM A 105/A 105M (1998) Carbon Steel Forgings for Piping 

Applications 
 
ASTM A 183 (1983; R 1998) Carbon Steel Track Bolts and 

Nuts 
 
ASTM A 193/A 193M (1999a) Alloy-Steel and Stainless Steel 

Bolting Materials for High-Temperature 
Service 

 
ASTM A 515/A 515M (1989; R 1997) Pressure Vessel Plates, Carbon 

Steel, for Intermediate- and Higher-
Temperature Service 
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ASTM A 516/A 516M (1990; R 1996) Pressure Vessel Plates, Carbon 
Steel, for Moderate- and Lower-Temperature 
Service 

 
ASTM A 518/A 518M (1999) Corrosion-Resistant High-Silicon Iron 

Castings 
 
ASTM A 536 (1984; R 1999el) Ductile Iron Castings 

 
ASTM A 733 (1999) Welded and Seamless Carbon Steel and 

Austenitic Stainless Steel Pipe Nipples 
 
ASTM A 888 (1998el) Hubless Cast Iron Soil Pipe and 

Fittings for Sanitary and Storm Drain, Waste, 
and Vent Piping Applications 

 
ASTM B 32 (1996) Solder Metal 

 
ASTM B 42 (1998) Seamless Copper Pipe, Standard Sizes 

 
ASTM B 43 (1998) Seamless Red Brass Pipe, Standard 

Sizes 
 
ASTM B 75 (1999) Seamless Copper Tube 

 
ASTM B 88 (1999) Seamless Copper Water Tube 

 
ASTM B 111 (1998) Copper and Copper-Alloy Seamless 

Condenser Tubes and Ferrule Stock 
 
ASTM B 117 (1997) Operating Salt Spray (FOG) Apparatus 

 
ASTM B 152 (1997a) Copper Sheet, Strip, Plate, and 

Rolled Bar 
 
ASTM B 306 (1999) Copper Drainage Tube (DWV) 

 
ASTM B 370 (1998) Copper Sheet and Strip for Building 

Construction 
 
ASTM B 584 (1998a) Copper Alloy Sand Castings for 

General Applications 
 
ASTM B 813 (1993) Liquid and Paste Fluxes for Soldering 

Applications of Copper and Copper Alloy Tube 
 
ASTM B 828 (1998) Making Capillary Joints by Soldering 

of Copper and Copper Alloy Tube and Fittings 
 
ASTM C 564 (1997) Rubber Gaskets for Cast Iron Soil Pipe 

and Fittings 
 
ASTM C 920 (1998) Elastomeric Joint Sealants 

 
ASTM C 1053 (1990; R 1995el) Borosilicate Glass Pipe and 

Fittings for Drain, Waste, and Vent (DWV) 
Applications 
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ASTM D 638 (1999) Tensile Properties of Plastics 

 
ASTM D 638M (1998) Tensile Properties of Plastics 

(Metric) 
 
ASTM D 1004 (1994a) Initial Tear Resistance of Plastic 

Film and Sheeting 
 
ASTM D 1248 (1998) Polyethylene Plastics Molding and 

Extrusion Materials 
 
ASTM D 1785 (1999) Poly(Vinyl Chloride) (PVC) Plastic 

Pipe, Schedules 40, 80, and 120 
 
ASTM D 2000 (1999) Rubber Products in Automotive 

Applications 
 
ASTM D 2235 (1996a) Solvent Cement for Acrylonitrile-

Butadiene-Styrene (ABS) Plastic Pipe and 
Fittings 

 
ASTM D 2239 (1999) Polyethylene (PE) Plastic Pipe (SIDR-

PR) Based on Controlled Inside Diameter 
 
ASTM D 2241 (1999a) Poly(Vinyl Chloride) (PVC) Pressure-

Rated Pipe (SDR Series) 
 
ASTM D 2447 (1999) Polyethylene (PE) Plastic Pipe, 

Schedules 40 and 80, Based on Outside 
Diameter 

 
ASTM D 2464 (1999) Threaded Poly(Vinyl Chloride) (PVC) 

Plastic Pipe Fittings, Schedule 80 
 
ASTM D 2466 (1999) Poly(Vinyl Chloride) (PVC) Plastic 

Pipe Fittings, Schedule 40 
 
ASTM D 2467 (1999) Poly(Vinyl Chloride) (PVC) Plastic 

Pipe Fittings, Schedule 80 
 
ASTM D 2485 (1991; R 1996) Evaluating Coatings for High 

Temperature Service 
 
ASTM D 2564 (1996a) Solvent Cements for Poly(Vinyl 

Chloride) (PVC) Plastic Piping Systems 
 
ASTM D 2657 (1997) Heat Fusion Joining Polyolefin Pipe 

and Fittings 
 
ASTM D 2661 (1997ael) Acrylonitrile-Butadiene-Styrene 

(ABS) Schedule 40 Plastic Drain, Waste, and 
Vent Pipe and Fittings 

 
ASTM D 2665 (1998) Poly(Vinyl Chloride) (PVC) Plastic 

Drain, Waste, and Vent Pipe and Fittings 
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ASTM D 2672 (1996a) Joints for IPS PVC Pipe Using Solvent 
Cement 

 
ASTM D 2683 (1998) Socket-Type Polyethylene Fittings for 

Outside Diameter-Controlled Polyethylene Pipe 
and Tubing 

 
ASTM D 2737 (1999) Polyethylene (PE) Plastic Tubing 

 
ASTM D 2822 (1991; R 1997el) Asphalt Roof Cement 

 
ASTM D 2846/D 2846M (1999) Chlorinated Poly(Vinyl Chloride) 

(CPVC) Plastic Hot- and Cold-Water 
Distribution Systems 

 
ASTM D 2855 (1996) Making Solvent-Cemented Joints with 

Poly(Vinyl Chloride) (PVC) Pipe and Fittings 
 
ASTM D 2996 (1995) Filament-Wound "Fiberglass" (Glass-

Fiber-Reinforced Thermosetting-Resin) Pipe 
 
ASTM D 3035 (1995) Polyethylene (PE) Plastic Pipe (DR-PR) 

Based on Controlled Outside Diameter 
 
ASTM D 3122 (1995) Solvent Cements for Styrene-Rubber 

(SR) Plastic Pipe and Fittings 
 
ASTM D 3138 (1995) Solvent Cements for Transition Joints 

Between Acrylonitrile-Butadiene-Styrene (ABS) 
and Poly(Vinyl Chloride) (PVC) Non-Pressure 
Piping Components 

 
ASTM D 3139 (1998) Joints for Plastic Pressure Pipes 

Using Flexible Elastomeric Seals 
 
ASTM D 3212 (1996a) Joints for Drain and Sewer Plastic 

Pipes Using Flexible Elastomeric Seals 
 
ASTM D 3261 (1997) Butt Heat Fusion Polyethylene (PE) 

Plastic Fittings for Polyethylene (PE) 
Plastic Pipe and Tubing 

 
ASTM D 3308 (1997) PTFE Resin Skived Tape 

 
ASTM D 3311 (1994) Drain, Waste, and Vent (DWV) Plastic 

Fittings Patterns 
 
ASTM D 4060 (1995) Abrasion Resistance of Organic 

Coatings by the Taber Abraser 
 
ASTM D 4101 (1999) Propylene Plastic Injection and 

Extrusion Materials 
 
ASTM D 4551 (1996) Poly(Vinyl Chloride) (PVC) Plastic 

Flexible Concealed Water-Containment Membrane 
 
ASTM E 1 (1998) ASTM Thermometers 
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ASTM E 96 (1995) Water Vapor Transmission of Materials 

 
ASTM F 409 (1999a) Thermoplastic Accessible and 

Replaceable Plastic Tube and Tubular Fittings 
 
ASTM F 437 (1999) Threaded Chlorinated Poly(Vinyl 

Chloride) (CPVC) Plastic Pipe Fittings, 
Schedule 80 

 
ASTM F 438 (1999) Socket-Type Chlorinated Poly(Vinyl 

Chloride) (CPVC) Plastic Pipe Fittings, 
Schedule 40 

 
ASTM F 439 (1999) Socket-Type Chlorinated Poly(Vinyl 

Chloride) (CPVC) Plastic Pipe Fittings, 
Schedule 80 

 
ASTM F 441/F 441M (1999) Chlorinated Poly(Vinyl Chloride) 

(CPVC) Plastic Pipe, Schedules 40 and 80 
 
ASTM F 442/F 442M (1999) Chlorinated Poly(Vinyl Chloride) 

(CPVC) Plastic Pipe (SDR-PR) 
 
ASTM F 477 (1999) Elastomeric Seals (Gaskets) for 

Joining Plastic Pipe 
 
ASTM F 493 (1997) Solvent Cements for Chlorinated 

Poly(Vinyl Chloride) (CPVC) Plastic Pipe and 
Fittings 

 
ASTM F 628 (1999el) Acrylonitrile-Butadiene-Styrene 

(ABS) Schedule 40 Plastic Drain, Waste, and 
Vent Pipe with a Cellular Core 

 
ASTM F 891 (1998el) Coextruded Poly(Vinyl Chloride) 

(PVC) Plastic Pipe with a Cellular Core 
 
ASTM F 1290 (1998a) Electrofusion Joining Polyolefin Pipe 

and Fittings 
 
ASTM F 1760 (1997) Coextruded Poly(Vinyl Chloride) (PVC) 

Non-Pressure Plastuc Pipe Having Reprocessed-
Recycled Content 

 
AMERICAN SOCIETY OF HEATING, REFRIGERATING AND AIR-CONDITIONING 
ENGINEERS (ASHRAE) 

 
ASHRAE 34 (1997) Number Designation and Safety 

Classification of Refrigerants 
 
ASHRAE 90.1 (1989; 90.1b; 90.1c; 90.1d; 90.1e; 90.1g; 

90.1i; 90.1l-1995; 90.1m-1995; 90.1n-1997) 
Energy Efficient Design of New Buildings 
Except Low-Rise Residential Buildings 

 
ASME INTERNATIONAL (ASME) 
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ASME A112.1.2 (1991; R 1998) Air Gaps in Plumbing Systems 

 
ASME A112.6.1M (1997) Supports for Off-the-Floor Plumbing 

Fixtures for Public Use 
 
ASME A112.14.1 (1975; R 1998) Backwater Valves 

 
ASME A112.18.1M (1996) Plumbing Fixture Fittings 

 
ASME A112.19.1M (1994; R 1999) Enameled Cast Iron Plumbing 

Fixtures 
 
ASME A112.19.2M (1998) Vitreous China Plumbing Fixtures 

 
ASME A112.19.3M (1987; R 1996) Stainless Steel Plumbing 

Fixtures (Designed for Residential Use) 
 
ASME A112.19.4M (1994; Errata Nov 1996) Porcelain Enameled 

Formed Steel Plumbing Fixtures 
 
ASME A112.21.1M (1991; R 1998) Floor Drains 

 
ASME A112.21.2M (1983) Roof Drains 

 
ASME A112.36.2M (1991; R 1998) Cleanouts 

 
ASME B1.20.1 (1983; R 1992) Pipe Threads, General Purpose 

(Inch) 
 
ASME B16.3 (1998) Malleable Iron Threaded Fittings 

 
ASME B16.4 (1998) Gray Iron Threaded Fittings 

 
ASME B16.5 (1996; B16.5a) Pipe Flanges and Flanged 

Fittings NPS 1/2 thru NPS 24 
 
ASME B16.12 (1998) Cast Iron Threaded Drainage Fittings 

 
ASME B16.15 (1985; R 1994) Cast Bronze Threaded Fittings 

Classes 125 and 250 
 
ASME B16.18 (1984; R 1994) Cast Copper Alloy Solder Joint 

Pressure Fittings 
 
ASME B16.21 (1992) Nonmetallic Flat Gaskets for Pipe 

Flanges 
 
ASME B16.22 (1995; B16.22a1998) Wrought Copper and Copper 

Alloy Solder Joint Pressure Fittings 
 
ASME B16.23 (1992; Errata Jan 1994) Cast Copper Alloy 

Solder Joint Drainage Fittings - DWV 
 
ASME B16.24 (1991; R 1998) Cast Copper Alloy Pipe 

Flanges, Class 150, 300, 400, 600, 900, 1500, 
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and 2500, and Flanged Fittings, Class 150 and 
300 

 
ASME B16.29 (1994) Wrought Copper and Wrought Copper 

Alloy Solder Joint Drainage Fittings - DWV 
 
ASME B16.34 (1997) Valves - Flanged, Threaded, and 

Welding End 
 
ASME B16.39 (1998) Malleable Iron Threaded Pipe Unions 

Classes 150, 250, and 300 
 
ASME B31.1 (1998) Power Piping 

 
ASME B31.5 (1992; B31.5a1994) Refrigeration Piping 

 
ASME B40.1 (1991) Gauges - Pressure Indicating Dial Type 

- Elastic Element 
 
ASME BPV VIII Div 1 (1998) Boiler and Pressure Vessel Code; 

Section VIII, Pressure Vessels Division 1 - 
Basic Coverage 

 
ASME BPV IX (1998) Boiler and Pressure Vessel Code; 

Section IX, Welding and Brazing 
Qualifications 

 
ASME CSD-1 (1998) Controls and Safety Devices for 

Automatically Fired Boilers 
 

AMERICAN SOCIETY OF SANITARY ENGINEERING FOR PLUMBING AND SANITARY 
RESEARCH(ASSE) 

 
ASSE 1001 (1990) Pipe Applied Atmospheric Type Vacuum 

Breakers 
 
ASSE 1002 (1986) Water Closet Flush Tank Ball Cocks 

 
ASSE 1003 (1995) Water Pressure Reducing Valves for 

Domestic Water Supply Systems 
 
ASSE 1005 (1986) Water Heater Drain Valves - 3/4-Inch 

Iron Pipe Size 
 
ASSE 1006 (1989) Residential Use (Household) 

Dishwashers 
 
ASSE 1011 (1995) Hose Connection Vacuum Breakers 

 
ASSE 1012 (1995) Backflow Preventers with Intermediate 

Atmospheric Vent 
 
ASSE 1013 (1993) Reduced Pressure Principle Backflow 

Preventers 
 
ASSE 1018 (1986) Trap Seal Primer Valves Water Supply 

Fed 
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ASSE 1037 (1990; Rev thru Mar 1990) Pressurized 

Flushing Devices (Flushometers) for Plumbing 
Fixtures 

 
AMERICAN WATER WORKS ASSOCIATION (AWWA) 

 
AWWA EWW (1999) Standard Methods for the Examination 

of Water and Wastewater 
 
AWWA B300 (1999) Hypochlorites 

 
AWWA B301 (1992; Addenda B301a - 1999) Liquid Chlorine 

 
AWWA C105 (1993) Polyethylene Encasement for Ductile-

Iron Pipe Systems 
 
AWWA C203 (1997; addenda C203a - 1999) Coal-Tar 

Protective Coatings and Linings for Steel 
Water Pipelines - Enamel and Tape - Hot-
Applied 

 
AWWA C606 (1997) Grooved and Shouldered Joints 

 
AWWA C700 (1995) Cold-Water Meters - Displacement Type, 

Bronze Main Case 
 
AWWA D100 (1996) Welded Steel Tanks for Water Storage 

 
AWWA M20 (1973) Manual:  Water Chlorination Principles 

and Practices 
 

AMERICAN WELDING SOCIETY (AWS) 
 
AWS A5.8 (1992) Filler Metals for Brazing and Braze 

Welding 
 
AWS B2.2 (1991) Brazing Procedure and Performance 

Qualification 
 

CAST IRON SOIL PIPE INSTITUTE (CISPI) 
 
CISPI 301 (1997) Hubless Cast Iron Soil Pipe and 

Fittings for Sanitary and Storm Drain, Waste, 
and Vent Piping Applications 

 
CISPI 310 (1997) Coupling for Use in Connection with 

Hubless Cast Iron Soil Pipe and Fittings for 
Sanitary and Storm Drain, Waste, and Vent 
Piping Applications 

 
CISPI HSN-85 (1985) Neoprene Rubber Gaskets for Hub and 

Spigot Cast Iron Soil Pipe and Fittings 
 

CODE OF FEDERAL REGULATIONS (CFR) 
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10 CFR 430 Energy Conservation Program for Consumer 
Products 

 
21 CFR 175 Indirect Food Additives:  Adhesives and 

Components of Coatings 
 

COMMERCIAL ITEM DESCRIPTIONS (CID) 
 
CID A-A-240 (Rev A; Canc. Notice 1) Shower Head, Ball 

Joint 
 
CID A-A-50012 (Basic) Garbage Disposal Machine, Commercial 

 
COPPER DEVELOPMENT ASSOCIATION (CDA) 

 
CDA Tube Handbook (1995) Copper Tube Handbook 

 
COUNCIL OF AMERICAN BUILDING OFFICIALS (CABO) 

 
CABO A117.1 (1998) Accessible and Usable Buildings and 

Facilities 
 

FOUNDATION FOR CROSS-CONNECTION CONTROL AND HYDRAULIC RESEARCH 
(FCCCHR) 

 
FCCCHR-01 (1993) Manual of Cross-Connection Control 

 
HYDRAULIC INSTITUTE (HI) 

 
HI 1.1-1.5 (1994) Centrifugal Pumps 

 
INTERNATIONAL ASSOCIATION OF PLUMBING AND MECHANCIAL OFFICIALS 
(IAPMO) 

 
IAPMO Z124.1 (1995) Plastic Bathtub Units 

 
IAPMO Z124.3 (1995) Plastic Lavatories 

 
IAPMO Z124.5 (1997) Plastic Toilet (Water Closets) Seats 

 
IAPMO Z124.9 (1994) Plastic Urinal Fixtures 

 
MANUFACTURERS STANDARDIZATION SOCIETY OF THE VALVE AND FITTINGS 
INDUSTRY (MSS) 

 
MSS SP-25 (1998) Standard Marking System for Valves, 

Fittings, Flanges and Unions 
 
MSS SP-44 (1996) Steel PipeLine Flanges 

 
MSS SP-58 (1993) Pipe Hangers and Supports - Materials, 

Design and Manufacture 
 
MSS SP-67 (1995) Butterfly Valves 

 
MSS SP-69 (1996) Pipe Hangers and Supports - Selection 

and Application 
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MSS SP-70 (1998) Cast Iron Gate Valves, Flanged and 

Threaded Ends 
 
MSS SP-71 (1997) Cast Iron Swing Check Valves, Flanges 

and Threaded Ends 
 
MSS SP-72 (1999) Ball Valves with Flanged or Butt-

Welding Ends for General Service 
 
MSS SP-73 (1991; R 1996) Brazing Joints for Copper and 

Copper Alloy Pressure Fittings 
 
MSS SP-78 (1998) Cast Iron Plug Valves, Flanged and 

Threaded Ends 
 
MSS SP-80 (1997) Bronze Gate, Globe, Angle and Check 

Valves 
 
MSS SP-83 (1995) Class 3000 Steel Pipe Unions Socket-

Welding and Threaded 
 
MSS SP-85 (1994) Cast Iron Globe & Angle Valves, 

Flanged and Threaded Ends 
 
MSS SP-110 (1996) Ball Valves Threaded, Socket-Welding, 

Solder Joint, Grooved and Flared Ends 
 

NATIONAL ASSOCIATION OF PLUMBING-HEATING-COOLING CONTRACTORS (NAPHCC) 
 
NAPHCC Plumbing Code (1996) National Standard Plumbing Code 

 
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 

 
NEMA 250 (1997) Enclosures for Electrical Equipment 

(1000 Volts Maximum) 
 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 
 
NFPA 31 (1997; TIA 97-1) Installation of Oil Burning 

Equipment 
 
NFPA 54 (1999) National Fuel Gas Code 

 
NFPA 90A (1996) Installation of Air Conditioning and 

Ventilating Systems 
 

NSF INTERNATIONAL (NSF) 
 
NSF 3 (1996) Commercial Spray-Type Dishwashing and 

Glasswashing Machines 
 
NSF 5 (1992) Water Heaters, Hot Water Supply 

Boilers, and Heat Recovery Equipment 
 
NSF 14 (1999) Plastics Piping Components and Related 

Materials 
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PLASTIC PIPE AND FITTINGS ASSOCIATION (PPFA) 

 
PPFA-01 (1998) Plastic Pipe in Fire Resistive 

Construction 
 

PLUMBING AND DRAINAGE INSTITUTE (PDI) 
 
PDI G 101 (1996) Testing and Rating Procedure for 

Grease Interceptors with Appendix of Sizing 
and Installation Data 

 
PDI WH 201 (1992) Water Hammer Arresters 

 
SOCIETY OF AUTOMOTIVE ENGINEERS (SAE) 

 
SAE J 1508 (1997) Hose Clamps 

 
THE SOCIETY FOR PROTECTIVE COATINGS (SSPC) 

 
SSPC SP 5/NACE 1 (1994) White Metal Blast Cleaning 

 
UNDERWRITERS LABORATORIES (UL) 

 
UL 174 (1996; Rev thru Oct  1999) Household Electric 

Storage Tank Water Heaters 
 
UL 430 (1994; Rev thru Nov 1996) Waste Disposers 

 
UL 732 (1995; Rev thru Jan 1999) Oil-Fired Storage 

Tank Water Heaters 
 
UL 749 (1997; Rev thru Feb 1999) Household 

Dishwashers 
 
UL 921 (1996) Commercial Electric Dishwashers 

 
1.2   STANDARD PRODUCTS 
 
Specified materials and equipment shall be standard products of a 
manufacturer regularly engaged in the manufacture of such products.  
Specified equipment shall essentially duplicate equipment that has performed 
satisfactorily at least two years prior to bid opening. 

 
1.3   PERFORMANCE REQUIREMENTS 
 
1.4   ELECTRICAL WORK 
 
Motors, motor controllers and motor efficiencies shall conform to the 
requirements of Section 16415 ELECTRICAL WORK, INTERIOR.  Electrical motor-
driven equipment specified herein shall be provided complete with motors.  
Equipment shall be rated at 60 Hz, single phase, ac unless otherwise 
indicated.  Where a motor controller is not provided in a motor-control 
center on the electrical drawings, a motor controller shall be as indicated.  
Motor controllers shall be provided complete with properly sized thermal-
overload protection in each ungrounded conductor, auxiliary contact, and 
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other equipment, at the specified capacity, and including an allowable 
service factor. 

 
1.5   SUBMITTALS 
 
Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office that 
will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-02 Shop Drawings 

 
Plumbing System 

 
  Detail drawings consisting of illustrations, schedules, 
performance charts, instructions, brochures, diagrams, and other 
information to illustrate the requirements and operations of each 
system.  Detail drawings for the complete plumbing system; 
dimensions for roughing-in, foundation, and support points; 
schematic diagrams and wiring diagrams or connection and 
interconnection diagrams.  Detail drawings shall indicate 
clearances required for maintenance and operation.  Where piping 
and equipment are to be supported other than as indicated, details 
shall include loadings and proposed support methods.  Mechanical 
drawing plans, elevations, views, and details, shall be drawn to 
scale. 

 
Electrical Schematics 

 
  Complete electrical schematic lineless or full line 
interconnection and connection diagram for each piece of mechanical 
equipment having more than one automatic or manual electrical 
control device. 

 
SD-03 Product Data 

 
Plumbing Fixture Schedule 

 
  Catalog cuts of specified plumbing fixtures, valves and related 
piping. 

 
Plumbing System 

 
  Diagrams, instructions, and other sheets proposed for posting.  . 

 
SD-06 Test Reports 

 
Tests, Flushing and Disinfection 

 
  Test reports in booklet form showing all field tests performed to 
adjust each component and all field tests performed to prove 
compliance with the specified performance criteria, completion and 
testing of the installed system.  Each test report shall indicate 
the final position of controls. 

 
SD-07 Certificates 
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Materials and Equipment 

 
  Where materials or equipment are specified to comply with 
requirements of AGA, or ASME, proof of such compliance.  The label 
or listing of the specified agency will be acceptable evidence.  In 
lieu of the label or listing, a written certificate may be 
submitted from an approved, nationally recognized testing 
organization equipped to perform such services, stating that the 
items have been tested and conform to the requirements and testing 
methods of the specified agency.  Where equipment is specified to 
conform to requirements of the ASME Boiler and Pressure Vessel 
Code, the design, fabrication, and installation shall conform to 
the code. 

 
SD-10 Operation and Maintenance Data 

 
Plumbing System 

 
  Six copies of the operation manual outlining the step-by-step 
procedures required for system startup, operation and shutdown.  
The manual shall include the manufacturer's name, model number, 
service manual, parts list, and brief description of all equipment 
and their basic operating features.  Six copies of the maintenance 
manual listing routine maintenance procedures, possible breakdowns 
and repairs.  The manual shall include piping and equipment layout 
and simplified wiring and control diagrams of the system as 
installed. 

 
1.6   REGULATORY REQUIREMENTS 
 
Plumbing work shall be in accordance with NAPHCC Plumbing Code.  

 
1.7   PROJECT/SITE CONDITIONS 
 
The Contractor shall become familiar with details of the work, verify 
dimensions in the field, and advise the Contracting Officer of any 
discrepancy before performing any work. 

 
PART 2   PRODUCTS 
 
2.1   MATERIALS 
 
Materials for various miscellaneous services shall be in accordance with the 
following standards. 

 
a.  Copper, Sheet and Strip for Building Construction:  ASTM B 370. 

 
b.  Asphalt Roof Cement:  ASTM D 2822. 

 
c.  Hose Clamps:  SAE J 1508. 

 
d.  Gauges - Pressure and Vacuum Indicating Dial Type - Elastic 

Element:  ASME B40.1. 
 

e.  Thermometers:  ASTM E 1. 
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2.2 ACCEPTABLE MANUFACTURERS 
 

a.  Reference Division 0 for other requirements for acceptable 
manufacturers. 

 
b. Vitreous china and enameled cast iron fixtures:  American Standard; 

Eljer; Kohler. 
 

c.  Water Closet Seats:  Church; Beneke; Olsonite; Kohler and Bemis. 
 
d.  Carriers:  Josam; J. R. Smith; Wade; Zurn. 

 
e.  Stainless Steel Sinks:  Elkay; Just; Swan. 

 
f.  Showers:  Bradley; Aqua-Glass; Moen; Acorn; Chicago Faucet;    
    Symmons; Powers; Leonard. 

 
g.  Hydrants and Hose Bibbs:  J. R. Smith; Chicago Faucet; Josam; Zurn. 

 
h.  Floor Drains:  Josam; J. R. Smith; Wade; Zurn. 

 
i.  Gas Water Heaters:  A. O. Smith; Weber-Jarco; State. 

 
j.  Plumbing Brass:  American Standard; Brasscraft; Chicago Faucet;  
    Crane; Frost; Kohler; Speakman; Symmons; T & S Brass; McGuire;  

          Elkay; Eastman. 
 

k.  Faucets:  Chicago Faucet; Kohler; Speakman. 
 

l.  Flush Valves:  Sloan; Zurn; Delany. 
 

m.  Faucets:  Delta; Kohler; Speakman; T & S Brass; Chicago Faucet. 
 
2.3 PLUMBING FIXTURES 
 
2.3.1  General: 
 
2.3.1.1  Plumbing Fixtures are listed below by reference numbers,        
         corresponding to the reference number adjoining these items on the  
         drawings. 
 
2.3.1.2  All vitreous china and enameled cast iron fixtures shall be finished    
         white unless specifically noted otherwise. 
 
2.3.1.3  In interests of Owner's Standardization, fixtures of similar type  
         shall be product of one manufacturer; trim of similar type shall be  
         product of one manufacturer.  
 
2.3.1.4  In interests of Owner's Standardization, fixtures of similar type  
         shall be product of one manufacturer; trim of similar type shall be  
         product of one manufacturer.  
 
2.3.2.1  Water Closets: 
 
P-1B    Water Closet – Floor Mounted: 
Water Closet:  Kohler "Highline" No. 3544, ADA, vitreous china, elongated 
bowl, floor mounted, bottom outlet. Complete with operating system, trip 
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lever and accessories. Fixture shall be mounted for handicapped access.  
Verify with Architectural drawings for mounting heights and off-center stall 
dimensions. 
 
Stop Valve:  Kohler K-7637 
 
Seat:  Kohler "Lustra" No. K-4670-SC, open front white plastic seat for 
elongated bowl with stainless steel self-sustaining check hinge. 
 
  
P-1C    Water Closet – Floor Mounted: 
Water Closet:  Kohler "Highline" No. 3544, vitreous china, elongated bowl, 
floor mounted, bottom outlet. Complete with operating system, trip lever and 
accessories.  Verify with Architectural drawings for mounting heights and 
off-center stall dimensions. 
 
Stop Valve:  Kohler K-7637 
 
Seat:  Kohler "Lustra" No. K-4670-SC, open front white plastic seat for 
elongated bowl with stainless steel self-sustaining check hinge. 

 
2.3.2.2 Water Closet / Lavatory: 
 
P-1D    Water Closet / Lavatory: 
Water Closet / Lavatory:  Acorn 1418LMB, stainless steel seamless welded 
construction with sanitary high polished finish, sound-deadened cabinet, 
elongated bowl, wall mounted, back outlet. Complete with factory concealed 
flush valve, Air Control factory installed lavatory valve with pneumatically 
operated pushbutton valve, wall mounting hardware, self-draining soap dish, 
toilet paper roll holder and accessories. Verify with Architectural drawings 
for mounting heights, off-center stall dimensions and fixture configurations 
prior to procurement. Provide all accessories for a complete operational 
system. 

    
2.3.3 Urinals: 
 
P-2B    Urinal - Wall Hung: 
Urinal:  Kohler Bardon No. K-4960-T, with 3/4" top inlet spud and wall 
hangers, one gallon flush, and without strainer.  Mounted for handicapped 
access.  Verify with Architectural drawings for mounting heights and off 
center stall dimensions.  Provide special carrier as required. 
 
Flush Valve:  Sloan "Royal 180-1" chrome plated flush valve, with vacuum 
breaker, and screw driver stop. 
 
Carrier:  Steel construction, adjustable, with bottom bearing plate, anchored 
in floor, concealed for fixture support. J.R. Smith Figure 637, 635. 
 
2.3.4 Lavatories: 
 
P-3A    Lavatory - Wall Hung: 
Lavatory:  Kohler "Pennington" No. K-2196 self-rimming vitreous china 
lavatory with 8" faucet centers. 
 
Plumbing Brass:  Kohler No. K-7715 lavatory drain with perforated grate and 
1-1/4" tailpiece; Kohler No. 9000 1-1/4" Cast brass "P" trap with cleanout; 
and Chicago Faucet No. 1017 MM loose key, metal-to-metal stops and flexible 
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risers. 
 
Faucet:  Chicago Faucet No. 408A-665 metering faucet, with vandal resistant 
spout outlet, 5" spout, adjustable time cycle, self-closing metering, and E-
12 aerator.   
 
2.3.5 Sinks: 
 
P-5C    Kitchen Sink - Double Compartment: 
Sink:  Elkay "Lustertone" No. LR-3722, multi-hole drill, 18 gauge, Type 302 
stainless steel, 22" front-to-back x 37" left-to-right x 7-1/2" deep double 
compartment self-rimming sink, (2) 16" x 16" bowls. 
 
Plumbing Brass:  Elkay No. LK-35B stainless steel cup strainer with 1-1/2" 
stainless steel tailpieces and 1-1/2" cast brass "P" traps with clean-outs 
and Chicago Faucet No. 1017 MM loose key, metal-to-metal stops. 
  
Faucet:  Chicago Faucet No. 1102-HA8 chrome plated top mount sink faucet on 
8" centers with No. 1000 handles with 8" swing spout, E-12 aerator, and hose 
and hand spray. 
 
2.3.6  Showers: 
 
P-9A   Shower: 
Stall:  Aqua-Glass 313637AC Fiberglass Shower Stall with Gelcoat, Center 
Drain and trim.  Color selection by architect. 

 
Shower:  Acorn Zenith Built-In Shower, Model No. 5-3-2-F-2, with Safti-Trol 
HW and CW pressure balancing valve, 2 GPM flow control shower head, discharge 
height shall be 5'-6".  Valve body and shower head shall be cast bronze with 
all exposed parts triple chrome-plated or polished stainless steel.  Provide 
with lever handle diverter valve, lever handle shower valve, and 5 foot 
flexible hose with shower ("Flexshower") to allow handicap use. 
 
Drain:  J.R. Smith No. 2010-A cast iron body floor drain with round chrome 
plated strainer, and trap primer connection.  Size outlet to match pipe size 
shown on drawings. 
 
2.3.8  Hose Bibb/Wall Hydrant: 
 
P-10A    Wall Hydrant - Non-Freeze: 
Zurn No. Z-1300 recessed box type wall hydrant, non-freeze type, with 
polished bronze box and hinged cover, bronze hydrant and casing, integral 
vacuum breaker, "T" handle key and 3/4" inlet, 3/4" hose outlet, and "A" 
dimension of at least 8". 
 
P-10B    Wall Hydrant- Restroom: 
Woodford No. B75 Series recessed box type wall hydrant, brass casting with 
chrome finish, hinged cover, 3/4" hose connection, integral vacuum breaker, 
and "T" handle.  Provide with "T" handle for each hose bibb plus three extra.  
Hydrant shall fit within a wall thickness of 4". 

 
2.3.9 Floor Drains: 
 
P-11A    Floor Drain: 
J. R. Smith No. 2010-A cast iron body floor drain, with nickel bronze 
adjustable strainer head, round nickel bronze grate, vandal proof screws, and 
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trap primer connections.  Size outlet to match pipe size shown on drawings.   
 
P-11D   Funnel Floor Drain: 
Same as P-10A but with 6" diameter nickel bronze top funnel (No. 3581).  Cut 
out strainer inside of funnel to prevent splashing. 
 
2.3.10  WH-1: 
 

a. Type:  Gas-fire domestic hot water heater, ASME labeled.  
A. O. Smith Model BTR. 

 
b. Water heater(s) shall be of glass-lined design, and gas-

fired equipped to burn natural gas and design certified by 
the American Gas Association under Volume III tests for 
commercial heaters for delivery of 180 degree F. water, 
shall be approved by the National Sanitation Foundation, 
and ASME constructed/labeled. 

 
c. Heater shall have capacity as scheduled on the drawings. 

 
d. Heater shall be equipped with minimum 1-1/2" water inlet 

and outlet openings, two 2-3/4 x 3-3/4 boiler-type handhole 
cleanouts and shall have a maximum working pressure of 160 
psi.  Water heater(s) shall be equipped with a self-
generating integrated control system consisting of a 180 
degree F. adjustable thermostat with upper and lower 
sensing bulbs, which average the water temperatures at the 
top and bottom of the tank for maximum water temperature 
control (except that heaters with input rating 400,000 Btuh 
or greater shall use 115 volt circuit).  Heater(s) shall be 
provided with an automatic gas shutoff device and safety 
shutoff in event pilot flame is extinguished, a gas 
pressure regulator set for the type of gas supplied, coated 
steel burners, and approved draft diverter, and extruded 
magnesium anode rods rigidly supported for cathodic 
protection.  AGA pressure and temperature relief valve 
shall be furnished and installed. 

 
e. The heater shall be insulated with vermin-proof glass fiber 

insulation or equal.  The outer jacket shall have a baked 
enamel finish over a bonderized undercoating.  All internal 
surfaces of the heater(s) exposed to water shall be glass-
lined with an alkaline borosilicate composition that has 
been fused to steel by firing at a temperature range of 
1400 degrees or 1600 degrees F.  Heater tank shall have a 3 
year limited warranty against corrosion and tank failure 
due to sediment build-up.  All heaters shall be certified 
by A.G.A. under Volume III (commercial water heaters).  
They carry A.G.A. and NSF certification for 180 degree 
service.  Full illustrated instruction manual and parts 
list to be included. 

 
f. Flue:  Double-wall Boiler Stack and flue (Type B or L).  

Metalbestos or approved equal.  Provide per Code and local 
jurisdiction requirements 

. 
2.4 SPECIALTIES 

15400-17 



 
2.4.1 Unless indicated otherwise, the following fittings and materials shall 

be used: 
 
2.4.1.1  Fixture Traps:  17 gage seamless chrome plated tubing, with 2 inch     

   minimum seal, size as required by Uniform Plumbing Code and to suit  
   construction. 

 
2.4.1.2  Exposed piping and fittings in finished areas:  Chrome plated or  

   sleeved with chromed sleeves; all chrome to have a bright polished  
   finish. 

 
2.4.1.3  Stops:  Chromium plated, slow compression, loose key pattern with    
         shield.  Brasscraft "Speedway" or approved. 
 
2.4.1.4  Rims:  Lavatories and sinks mounted in the counterwork shall be  

   self-rimming or equipped with deck stainless steel rims similar and   
   equal to the Hudee Rim. 

 
2.4.1.5  Vacuum Breakers:  Anti-siphon vacuum breaker, by same manufacturer  

   as flush valve or faucet with which used. 
 
2.4.1.6  Carriers:  Provided for wall mounted fixtures, type to suit  
         construction.  J.R. Smith or equal. 
 
2.4.1.7  Sealant:  Silicone type, General Electric type SCS1202 series or Dow  

   Chemical equal, color to match fixture. 
 
2.5   VALVES 
 
Valves shall be provided on supplies to equipment and fixtures.  Valves 3 
inches and larger shall have flanged iron bodies and bronze trim.  Pressure 
ratings shall be based upon the application.  Grooved end valves may be 
provided if the manufacturer certifies that the valves meet the performance 
requirements of applicable MSS standard.  Valves shall conform to the 
following standards: 

 
Description                                       Standard 
 
Butterfly Valves                                MSS SP-67 
 
Cast-Iron Gate Valves, Flanged and  
Threaded Ends                                   MSS SP-70 
 
Cast-Iron Swing Check Valves, Flanged and 
Threaded Ends                                   MSS SP-71 
 
Ball Valves with Flanged Butt-Welding Ends  
for General Service                             MSS SP-72 
 
Ball Valves Threaded, Socket-Welding, 
Solder Joint, Grooved and Flared Ends           MSS SP-110 
 
Cast-Iron Plug Valves, Flanged and              MSS SP-78 
Threaded Ends 
 
Bronze Gate, Globe, Angle, and Check Valves     MSS SP-80 
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Steel Valves, Socket Welding and Threaded Ends  ASME B16.34 
 
Cast-Iron Globe and Angle Valves, Flanged and   MSS SP-85 
Threaded Ends 
 
2.6   Wall Hydrants 
 
Wall hydrants with vacuum-breaker backflow preventer shall have a nickle-
brass or nickel-bronze wall plate or flange with nozzle and detachable key 
handle.  A brass or bronze operating rod shall be provided within a 
galvanized iron casing of sufficient length to extend through the wall so 
that the valve is inside the building, and the portion of the hydrant 
between the outlet and valve is self-draining.  A brass or bronze valve with 
coupling and union elbow having metal-to-metal seat shall be provided.  
Valve rod and seat washer shall be removable through the face of the 
hydrant.  The hydrant shall have 3/4 inch exposed hose thread on spout and  
3/4 inch male pipe thread on inlet. 

 
2.7   DOMESTIC WATER SERVICE METER 
 
Cold water meter shall be of the positive displacement type conforming to 
AWWA C700.  Meter register may be round or straight reading type, as 
provided by the local utility.  Meter shall be provided with a pulse 
generator, remote readout register and all necessary wiring and accessories. 

 
2.8   PUMPS 
 
Pumps shall be the electrically driven, non-overloading, centrifugal type 
which conform to HI 1.1-1.5.  Pump capacity, efficiency, motor size, and 
impeller type shall be as indicated on the drawings.  Pumps shall be 
selected at or near peak efficiency.  Pump curve shall rise continuously 
from maximum capacity to shutoff.  Shutoff head shall be approximately 20 
percent greater than design head.  Pump motor shall be totally enclosed and 
have sufficient horsepower for the service required.  Each pump motor shall 
be equipped with an across-the-line magnetic controller in a NEMA 250, Type 
1 enclosure with "START-STOP" switch in the cover.  Provide programmable 
time clock to control pump.  Provide immersion aquastat. 

 
2.8.1   Construction 
 
Shaft seal shall be mechanical-seal or stuffing-box type.  Impeller shall be 
statically and dynamically balanced.  Each pump casing shall be designed to 
withstand the discharge head specified plus the static head on system plus 
50 percent of the total, but not less than 125 psi.  Pump casing and bearing 
housing shall be close grained cast iron.  High points in the casing shall 
be provided with manual air vents; low points shall be provided with drain 
plugs.  Impeller, impeller wearing rings, glands, casing wear rings, and 
shaft sleeve shall be bronze.  Shaft shall be carbon or alloy steel, turned 
and ground.  Bearings shall be ball-bearings, roller-bearings, or oil-
lubricated bronze-sleeve type bearings, and be efficiently sealed or 
isolated to prevent loss of oil or entrance of dirt or water.  Pump motors, 
unless otherwise indicated, shall have dripproof enclosures.  Close coupled 
pumps shall be provided with drip pockets and tapped openings.  Pump motor 
shall have the required capacity to prevent overloading with pump operating 
at any point on its characteristic curve.  Pump speed shall not exceed 3,600 
rpm, except where the pump head is less than 60 feet of water, the pump 
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speed shall not exceed 1,750 rpm.  Pump shall be accessible for servicing 
without disturbing piping connections. 

 
2.8.2   Mechanical Shaft Seals 
 
Seals shall be single, inside mounted, end-face-elastomer bellows type with 
stainless steel spring, brass or stainless steel seal head, carbon rotating 
face, and tungsten carbide sealing face.  Glands shall be bronze and of the 
water-flush design to provide lubrication flush across the face of the seal.  
Bypass line from pump discharge to flush connection in gland shall be 
provided, with filter or cyclone separator in line. 

 
2.8.3   Stuffing-Box Type Seals 
 
Seals shall be single unit construction separate from the casing, secured 
against rotation.  Stuffing box shall include minimum 5 rows of square, 
graphite braided asbestos packing and a bronze split-lantern ring.  Packing 
gland shall be bronze interlocking split type. 

 
2.9   EXPANSION TANK 
 
Domestic Water Expansion Tank shall be welded steel, constructed, tested and 
stamped in accordance with ASME BPV VIII Div 1 for a working pressure of  
125 psig and precharged to the minimum operating pressure.  Tank shall have 
a replaceable diaphragm and be the captive air type.  Tanks shall 
accommodate expanded water of the system generated within the normal 
operating temperature range, limiting this pressure increase at all 
components in the system to the maximum allowable pressure at those 
components.  Each tank air chamber shall be fitted with an air charging 
valve.  Tank shall be supported by steel legs or bases for vertical 
installation or steel saddles for horizontal installations.  The only air in 
the system shall be the permanent sealed-in air cushion contained within the 
expansion tank. 

 
PART 3   EXECUTION 
 
3.1  Commercial-Type Water Hammer Arresters 
 
Commercial-type water hammer arresters shall be provided on hot- and cold-
water supplies and shall be located as generally indicated, with precise 
location and sizing to be in accordance with PDI WH 201.  Water hammer 
arresters, where concealed, shall be accessible by means of access doors or 
removable panels.  Commercial-type water hammer arresters shall conform to 
PDI WH 201.  Vertical capped pipe columns will not be permitted. 

 
3.2   VIBRATION-ABSORBING FEATURES 
 
Mechanical equipment shall be isolated from the building structure by 
approved vibration-absorbing features, unless otherwise shown.  Each 
foundation shall include an adequate number of standard isolation units.  
Each unit shall consist of machine and floor or foundation fastening, 
together with intermediate isolation material, and shall be a standard 
product with printed load rating.  .  Isolation unit installation shall 
limit vibration to 40 percent of the lowest equipment rpm. 

 
3.3   WATER METER REMOTE READOUT REGISTER 
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The remote readout register shall be mounted at the location indicated or as 
directed by the Contracting Officer. 

 
3.4   IDENTIFICATION SYSTEMS 
 
3.4.1   Identification Tags 
 
Identification tags made of brass, engraved laminated plastic, or engraved 
anodized aluminum, indicating service and valve number shall be installed on 
valves, except those valves installed on supplies at plumbing fixtures. Tags 
shall be 1-3/8 inch minimum diameter, and marking shall be stamped or 
engraved.  Indentations shall be black, for reading clarity.  Tags shall be 
attached to valves with No. 12 AWG, copper wire, chrome-plated beaded chain, 
or plastic straps designed for that purpose. 

 
3.4.2   Pipe Color Code Marking 
 
Color code marking of piping shall be as specified in Section 09900 
PAINTING, GENERAL. 

 
3.4.3   Color Coding Scheme for Locating Hidden Utility Components 
 
Scheme shall be provided in buildings having suspended grid ceilings.  The 
color coding scheme shall identify points of access for maintenance and 
operation of operable components which are not visible from the finished 
space and installed in the space directly above the suspended grid ceiling. 
The operable components shall include valves, dampers, switches, linkages 
and thermostats.  The color coding scheme shall consist of a color code 
board and colored metal disks.  Each colored metal disk shall be 
approximately  3/8 inch in diameter and secured to removable ceiling panels 
with fasteners.  The fasteners shall be inserted into the ceiling panels so 
that the fasteners will be concealed from view.  The fasteners shall be 
manually removable without tools and shall not separate from the ceiling 
panels when panels are dropped from ceiling height.  Installation of colored 
metal disks shall follow completion of the finished surface on which the 
disks are to be fastened.  The color code board shall have the approximate 
dimensions of  3 foot width, 30 inches height, and  1/2 inch thickness.  The 
board shall be made of wood fiberboard and framed under glass or  1/16 inch 
transparent plastic cover.  Unless otherwise directed, the color code 
symbols shall be approximately  3/4 inch in diameter and the related 
lettering in  1/2 inch high capital letters.  The color code board shall be 
mounted and located in the mechanical or equipment room.  The color code 
system shall be as indicated below: 

 
 Color  System  Item  Location 
        
 Green  Gas  Shut Off Valve  Ceiling 
 Blue  CW  Shut Off Valve  Ceiling 
 Red  HW  Shut Off Valve  Ceiling 
 Orange  HWC  Shut Off Valve  Ceiling 
 
3.5   PAINTING 
 
Painting of pipes, hangers, supports, and other iron work, either in 
concealed spaces or exposed spaces, is specified in Section 09900 PAINTING, 
GENERAL. 
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3.6   TESTS, FLUSHING AND DISINFECTION 
 
 3.6.1   Defective Work 
 
If inspection or test shows defects, such defective work or material shall 
be replaced or repaired as necessary and inspection and tests shall be 
repeated.  . 

 
3.6.2   Operational Test 
 
Upon completion of flushing and prior to disinfection procedures,  the 
Contractor shall subject the plumbing system to operating tests to 
demonstrate satisfactory functional and operational efficiency.  Such 
operating tests shall cover a period of not less than 8 hours for each 
system and shall include the following information in a report with 
conclusion as to the adequacy of the system: 

 
a.  Time, date, and duration of test. 

 
b.  Operation of each valve, hydrant, and faucet. 

 
3.6.3   Disinfection 
 
After operational tests are complete, the entire domestic hot- and cold-
water distribution system shall be disinfected.  System shall be flushed as 
specified, before introducing chlorinating material.  .  A properly adjusted 
hypochlorite solution injected into the main with a hypochlorinator, or 
liquid chlorine injected into the main through a solution-feed chlorinator , 
shall be used.  The chlorine residual shall be checked at intervals to 
ensure that the proper level is maintained.  Chlorine application shall 
continue until the entire main is filled.  The water shall remain in the 
system for a minimum of 24 hours.  Each valve in the system being 
disinfected shall be opened and closed several times during the contact 
period to ensure its proper disinfection.  Following the 24-hour period, no 
less than 25 ppm chlorine residual shall remain in the system.  Water tanks 
shall be disinfected by the addition of chlorine directly to the filling 
water.  Following a 6 hour period, no less than 50 ppm chlorine residual 
shall remain in the tank.  If after the 24 hour and 6 hour holding periods, 
the residual solution contains less than 25 ppm and 50 ppm chlorine 
respectively, flush the piping and tank with potable water, and repeat the 
above procedures until the required residual chlorine levels are satisfied.  
The system including the tanks shall then be flushed with clean water until 
the residual chlorine level is reduced to less than one part per million.  
During the flushing period each valve and faucet shall be opened and closed 
several times.  Samples of water in disinfected containers shall be obtained 
from several locations selected by the Contracting Officer.  The samples of 
water shall be tested for total coliform organisms (coliform bacteria, fecal 
coliform, streptococcal, and other bacteria) in accordance with AWWA EWW.  
The testing method used shall be either the multiple-tube fermentation 
technique or the membrane-filter technique.  Disinfection shall be repeated 
until tests indicate the absence of coliform organisms (zero mean coliform 
density per 100 milliliters) in the samples for at least 2 full days.  The 
system will not be accepted until satisfactory bacteriological results have 
been obtained. 

 
3.7   POSTED INSTRUCTIONS 
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Framed instructions under glass or in laminated plastic, including wiring 
and control diagrams showing the complete layout of the entire system, shall 
be posted where directed.  Condensed operating instructions explaining 
preventive maintenance procedures, methods of checking the system for normal 
safe operation, and procedures for safely starting and stopping the system 
shall be prepared in typed form, framed as specified above for the wiring 
and control diagrams and posted beside the diagrams.  The framed 
instructions shall be posted before acceptance testing of the systems. 

 
 

 -- End Of Section -- 
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SECTION 16415 
 

ELECTRICAL WORK, INTERIOR 
1 GENERAL 
 
1.1 REFERENCES 
 
The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to in the text by basic 
designation only. 

 
AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI) 

 
ANSI C37.16 (1997) Low-Voltage Power Circuit Breakers and 

AC Power Circuit Protectors - Preferred 
Ratings, Related Requirements, and 
Application Recommendations 

 
ANSI C39.1 (1981; R 1992) Requirements for Electrical 

Analog Indicating Instruments 
 
ANSI C78.20 (1995) Electric Lamps - Characteristics of 

Incandescent Lamps A, G, PS, and Similar 
Shapes with E26 Medium Screw Bases 

 
ANSI C78.21 (1995) Physical and Electrical 

Characteristics - Incandescent Lamps - PAR 
and R Shapes 

 
ANSI C78.1350 (1990) 400-Watt, 100-Volt, S51 Single-Ended 

High-Pressure Sodium Lamps 
 
ANSI C78.1351 (1989) 250-Watt, 100-Volt S50 Single-Ended 

High-Pressure Sodium Lamps 
 
ANSI C78.1352 (1990) 1000-Watt, 250-Volt, S52 Single-Ended 

High-Pressure Sodium Lamps 
 
ANSI C78.1355 (1989) 150-Watt, 55-Volt S55 High-Pressure 

Sodium Lamps 
 
ANSI C78.1375 (1996) 400-Watt, M59 Single-Ended Metal-

Halide lamps 
 
ANSI C78.1376 (1996) 1000-Watt, M47 Single-Ended Metal-

Halide Lamps 
 
ANSI C78.2A (1991) 18 & 26- Watt, Compact Fluorescent 

Quad Tube Lamps 
 
ANSI C78.2B (1992) 9 & 13-Watt, Compact Fluorescent Quad 

Tube Lamps 
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ANSI C82.1 (1997) Specifications for Fluorescent Lamp 
Ballasts 

 
ANSI C82.4 (1992) Ballasts for High-Intensity-Discharge 

and Low-Pressure Sodium Lamps (Multiple-
Supply Type) 

 
ANSI C135.30 (1988) Zinc-Coated Ferrous Ground Rods for 

Overhead or Underground Line Construction 
 

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 
 
ASTM B 1 (1995) Hard-Drawn Copper Wire 

 
ASTM B 8 (1999) Concentric-Lay-Stranded Copper 

Conductors, Hard, Medium-Hard, or Soft 
 
ASTM D 709 (1992; R 1997) Laminated Thermosetting 

Materials 
 

CODE OF FEDERAL REGULATIONS (CFR) 
 
47 CFR 18 Industrial, Scientific, and Medical Equipment 

 
INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 

 
 
IEEE C62.41 (1991; R 1995) Surge Voltages in Low-Voltage 

AC Power Circuits 
 
IEEE Std 81 (1983) Guide for Measuring Earth Resistivity, 

Ground Impedance, and Earth Surface 
Potentials of a Ground System (Part 1) 

 
 

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 
 
NEMA 250 (1991) Enclosures for Electrical Equipment 

(1000 Volts Maximum) 
 
NEMA FU 1 (1986) Low Voltage Cartridge Fuses 

 
NEMA ICS 1 (1993) Industrial Control and Systems 

 
NEMA ICS 2 (1993) Industrial Control and Systems 

Controllers, Contactors, and Overload Relays 
Rated Not More Than 2,000 Volts AC or 750 
Volts DC 

 
NEMA ICS 3 (1993) Industrial Control and Systems Factory 

Built Assemblies 
 
NEMA ICS 6 (1993) Industrial Control and Systems 

Enclosures 
 
NEMA LE 4 (1987) Recessed Luminaires, Ceiling 

Compatibility 
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NEMA MG 1 (1993; Rev 1; Rev 2; Rev 3; Rev 4) Motors and 

Generators 
 
NEMA MG 10 (1994) Energy Management Guide for Selection 

and Use of Polyphase Motors 
 
NEMA OS 1 (1996) Sheet-Steel Outlet Boxes, Device 

Boxes, Covers, and Box Supports 
 
NEMA OS 2 (1986; Errata Aug 1986; R 1991) Nonmetallic 

Outlet Boxes, Device Boxes, Covers and Box 
Supports 

 
NEMA PB 1 (1995) Panelboards 

 
NEMA SG 3 (1995) Power Switching Equipment 

 
NEMA TC 2 (1990) Electrical Polyvinyl Chloride (PVC) 

Tubing (EPT) and Conduit (EPC-40 and EPC-80) 
 
NEMA TC 13 (1993) Electrical Nonmetallic Tubing (ENT) 

 
NEMA WD 1 (1983; R 1989) General Requirements for 

Wiring Devices 
 
NEMA WD 6 (1988) Wiring Devices - Dimensional 

Requirements 
 

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 
 
NFPA 70 (1999) National Electrical Code 

 
NFPA 101 (1997; Errata 97-1; TIA 97-1) Life Safety 

Code 
 

UNDERWRITERS LABORATORIES (UL) 
 
UL 1 (1993; Rev thru Jan 1995) Flexible Metal 

Conduit 
 
UL 5 (1996) Surface Metal Raceways and Fittings  

 
UL 6 (1997) Rigid Metal Conduit 

 
UL 20 (1995; Rev thru Oct 1998) General-Use Snap 

Switches 
 
UL 44 (1997; Rev Mar 1999) Thermoset-Insulated 

Wires and Cables 
 
UL 50 (1995; Rev thru Oct 1997) Enclosures for 

Electrical Equipment 
 
UL 67 (1993; Rev thru Nov 1995) Panelboards 
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UL 83 (1998) Thermoplastic-Insulated Wires and 
Cables 

 
UL 98 (1994; R thru Jun 1998) Enclosed and Dead-

Front Switches 
 
UL 198B (1995) Class H Fuses 

 
UL 198C (1986; Rev thru Feb 1998) High-Interrupting-

Capacity Fuses, Current-Limiting Types 
 
UL 198D (1995) Class K Fuses 

 
UL 198E (1988; Rev Jul 1988) Class R Fuses 

 
UL 198G (1988; Rev May 1988) Fuses for Supplementary 

Overcurrent Protection 
 
UL 198H (1988; Rev thru Nov 1993) Class T Fuses 

 
UL 198L (1995; Rev May 1995) D-C Fuses for Industrial 

Use 
 
UL 360 (1996; Rev thru Oct 1997) Liquid-Tight 

Flexible Steel Conduit 
 
UL 467 (1993; Rev thru Aug 1996) Grounding and 

Bonding Equipment 
 
UL 486A (1997; Rev thru Dec 1998) Wire Connectors and 

Soldering Lugs for Use with Copper Conductors 
 
UL 486C (1997; Rev thru Aug 1998) Splicing Wire 

Connectors 
 
UL 486E (1994; Rev thru Feb 1997) Equipment Wiring 

Terminals for Use with Aluminum and/or Copper 
Conductors 

 
UL 489 (1996; Rev thru Dec 1998) Molded-Case Circuit 

Breakers, Molded-Case Switches, and Circuit-
Breaker Enclosures 

 
UL 508 (1999) Industrial Control Equipment 

 
UL 510 (1994; Rev thru Apr 1998) Polyvinyl Chloride, 

Polyethylene, and Rubber Insulating Tape 
 
UL 512 (1993; R Dec 1995) Fuseholders 

 
UL 514A (1996; Rev Jul 1998) Metallic Outlet Boxes 

 
UL 514B (1997; Rev Oct 1998) Fittings for Cable and 

Conduit 
 
UL 514C (1996; R Sep 1998) Nonmetallic Outlet Boxes, 

Flush-Device Boxes, and Covers 
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UL 542 (1994; Rev thru Jul 1998) Lampholders, 

Starters, and Starter Holders for Fluorescent 
Lamps 

 
UL 651 (1995; Rev thru Oct 1998) Schedule 40 and 80 

Rigid PVC Conduit 
 
UL 651A (1995; Rev thru Apr 1998) Type EB and A Rigid 

PVC Conduit and HDPE Conduit 
 
UL 674 (1994; Rev thru Oct 1998) Electric Motors and 

Generators for Use in Division 1 Hazardous 
(Classified) Locations 

 
UL 698 (1999)) Industrial Control Equipment for Use 

in Hazardous (Classified) Locations 
 
UL 797 (1993; Rev thru Mar 1997) Electrical Metallic 

Tubing 
 
UL 844 (1995; Rev thru Aug 1997) Electric Lighting 

Fixtures for Use in Hazardous (Classified) 
Locations 

 
UL 845 (1995; Rev Feb 1996) Motor Control Centers 

 
UL 854 (1996; Rev Apr 1998) Service-Entrance Cables 

 
UL 877 (1993; Rev thru May 1997) Circuit Breakers 

and Circuit-Breaker Enclosures for Use in 
Hazardous (Classified) Locations 

 
UL 886 (1994; Rev thru Apr 1999) Outlet Boxes and 

Fittings for Use in Hazardous (Classified) 
Locations 

 
UL 916 (1998) Energy Management Equipment 

 
UL 924 (1995; Rev thru Oct 97) Emergency Lighting 

and Power Equipment 
 
UL 943 (1993; Rev thru May 1998)Ground-Fault 

Circuit-Interrupters 
 
UL 1004 (1994; Rev thru Dec 1997) Electric Motors 

 
UL 1010 (1995; Rev thru Dec 1996)Receptacle-Plug 

Combinations for Use in Hazardous 
(Classified) Locations 

 
UL 1029 (1994; Rev thru Dec 1997) High-Intensity-

Discharge Lamp Ballasts 
 
 
UL 1242 (1996; Rev Mar 1998) Intermediate Metal 

Conduit 

16415-5 



CE 01105.100 

 
UL 1449 (1996; Rev thru Oct 1998) Transient Voltage 

Surge Suppressors 
 
UL 1570 (1995; Rev thru Jun 1997) Fluorescent 

Lighting Fixtures 
 
UL 1571 (1995; Rev thru Jun 1997) Incandescent 

Lighting Fixtures 
 
UL 1572 (1995; Rev thru Jun 1997) High Intensity 

Discharge Lighting Fixtures 
 
UL 1660 (1994; Rev Apr 1998) Liquid-Tight Flexible 

Nonmetallic Conduit 
 
UL Elec Const Dir (1998) Electrical Construction Equipment 

Directory 
 
1.2 GENERAL 
 
1.2.1 Rules 
 
The installation shall conform to the requirements of NFPA 70 and NFPA 101, 
unless more stringent requirements are indicated or shown. 

 
1.2.2 Coordination 
 
The drawings indicate the extent and the general location and arrangement of 
equipment, conduit, and wiring.  The Contractor shall become familiar with 
all details of the work and verify all dimensions in the field so that the 
outlets and equipment shall be properly located and readily accessible.  
Lighting fixtures, outlets, and other equipment and materials shall be 
carefully coordinated with mechanical or structural features prior to 
installation and positioned according to architectural reflected ceiling 
plans; otherwise, lighting fixtures shall be symmetrically located according 
to the room arrangement when uniform illumination is required, or 
asymmetrically located to suit conditions fixed by design and shown.  
Raceways, junction and outlet boxes, and lighting fixtures shall not be 
supported from sheet metal roof decks.  If any conflicts occur necessitating 
departures from the drawings, details of and reasons for departures shall be 
submitted and approved prior to implementing any change.  The Contractor 
shall coordinate the electrical requirements of the mechanical work and 
provide all power related circuits, wiring, hardware and structural support, 
even if not shown on the drawings. 

 
1.2.3 Special Environments 
 
1.2.3.1 Weatherproof Locations 
 
Wiring, Fixtures, and equipment in designated locations shall conform to 
NFPA 70 requirements for installation in damp or wet locations. 

 
1.2.3.2 Hazardous Locations 
 
Wiring and equipment in locations indicated shall be of the classes, groups, 
divisions, and suitable for the operating temperature; as indicated. 
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1.2.3.3 Ducts, Plenums and Other Air-Handling Spaces 
 
Wiring and equipment in ducts, plenums and other air-handling spaces shall 
be installed using materials and methods in conformance with NFPA 70 unless 
more stringent requirements are indicated in this specification or on the 
contract drawings. 

 
1.2.4 Standard Products 
 
Material and equipment shall be a standard product of a manufacturer 
regularly engaged in the manufacture of the product and shall essentially 
duplicate items that have been in satisfactory use for at least 2 years 
prior to bid opening. 

 
1.2.5 Nameplates 
 
1.2.5.1 Identification Nameplates 
 
Major items of electrical equipment and major components shall be 
permanently marked with an identification name to identify the equipment by 
type or function and specific unit number as indicated.  Designation of 
motors shall coincide with their designation in the motor control center or 
panel.  Unless otherwise specified, identification nameplates shall be made 
of laminated plastic in accordance with ASTM D 709 with black outer layers 
and a white core.  Edges shall be chamfered.  Plates shall be fastened with 
black-finished round-head drive screws, except motors, or approved 
nonadhesive metal fasteners.  When the nameplate is to be installed on an 
irregular-shaped object, the Contractor shall devise an approved support 
suitable for the application and ensure the proper installation of the 
supports and nameplates.  In all instances, the nameplate shall be installed 
in a conspicuous location.  At the option of the Contractor, the equipment 
manufacturer's standard embossed nameplate material with black paint-filled 
letters may be furnished in lieu of laminated plastic.  The front of each 
panelboard, motor control center, switchgear, and switchboard shall have a 
nameplate to indicate the phase letter, corresponding color and arrangement 
of the phase conductors.  The following equipment, as a minimum, shall be 
provided with identification nameplates: 

 
          Minimum 1/4 inch                      Minimum 1/8 inch 
            High Letters                          High Letters 
 
          Panelboards                     Control Power Transformers 
          Starters                        Control Devices 
          Safety Switches                 Instrument Transformers 
          Motors                        Equipment Enclosures 
 
Each panel, section, or unit in motor control centers, switchgear or similar 
assemblies shall be provided with a nameplate in addition to nameplates 
listed above, which shall be provided for individual compartments in the 
respective assembly, including nameplates which identify "future," "spare," 
and "dedicated" or "equipped spaces." 

 
1.2.6 As-Built Drawings 
 
Following the project completion or turnover, within 30 days the Contractor 
shall furnish 2 sets of as-built drawings to the Contracting Officer. 
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1.2.7 Recessed Light Fixtures (RLF) Option 
 
The Contractor has the option to substitute inch-pound (I-P) RLF to metric 
RLF.  This option shall be coordinated with Section 09510 ACOUSTICAL 
CEILINGS. 

 
1.3 SUBMITTALS 
 
Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for information only.  When 
used, a designation following the "G" designation identifies the office that 
will review the submittal for the Government.  The following shall be 
submitted in accordance with Section 01330 SUBMITTAL PROCEDURES: 

 
SD-02 Shop Drawings 

 
Interior Electrical Equipment: None Required 

 
   

 
 SD-03 Product Data 
 

Manufacturer's Catalog;  
 

  Data composed of catalog cuts, brochures, circulars, 
specifications, product data, and printed information in sufficient 
detail and scope to verify compliance with the requirements of the 
contract documents. 

 
Material, Equipment, and Fixture Lists;  

 
  A complete itemized listing of equipment and materials proposed 
for incorporation into the work.  Each entry shall include an item 
number, the quantity of items proposed, and the name of the 
manufacturer of each item. 

 
 

As-Built Drawings;  
 

  The as-built drawings shall be a record of the construction as 
installed.  The drawings shall include all the information shown on 
the contract drawings, deviations, modifications, and changes from 
the contract drawings, however minor.  The as-built drawings shall 
be kept at the job site and updated daily.  The as-built drawings 
shall be a full-sized set of prints marked to reflect all 
deviations, changes, and modifications.  The as-built drawings 
shall be complete and show the location, size, dimensions, part 
identification, and other information.  Additional sheets may be 
added.  The as-built drawings shall be jointly inspected for 
accuracy and completeness by the Contractor's quality control 
representative and by the Contracting Officer prior to the 
submission of each monthly pay estimate.  Upon completion of the 
work, the Contractor shall submit three full sized sets of the 
marked prints to the Contracting Officer for approval.  If upon 
review, the as-built drawings are found to contain errors and/or 
omissions, they will be returned to the Contractor for correction.  
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The Contractor shall correct and return the as-built drawings to 
the Contracting Officer for approval within ten calendar days from 
the time the drawings are returned to the Contractor. 

 
Onsite Tests; G 

 
  A detailed description of the Contractor's proposed procedures 
for on-site tests. 

 
SD-06 Test Reports 
 

Field Test Plan; G 
 

  A detailed description of the Contractor's proposed procedures 
for onsite test submitted 30 days prior to testing the installed 
system. No field test will be performed until the test plan is 
approved.  The test plan shall consist of complete field test 
procedures including tests to be performed, test equipment 
required, and tolerance limits. 

 
 
 

Field Test Reports; G 
 
 Six copies of the information described below in 8 1/2 x 11 inch 

binders having a minimum of 5 rings from which material may readily 
be removed and replaced, including a separate section for each 
test.  Sections shall be separated by heavy plastic dividers with 
tabs. 

 
     a.  A list of equipment used, with calibration certifications. 

 
     b.  A copy of measurements taken. 

 
     c.  The dates of testing. 

 
     d.  The equipment and values to be verified. 

 
     e.  The conditions specified for the test. 

 
     f.  The test results, signed and dated. 

 
     g.  A description of adjustments made. 

 
     h.  Final position of controls and device settings. 

 
SD-07  Certificates 

 
Materials and Equipment;  

 
  The label or listing of the Underwriters Laboratories, Inc., will 
be accepted as evidence that the materials or equipment conform to 
the applicable standards of that agency.  In lieu of this label or 
listing, a statement from a nationally recognized, adequately 
equipped testing agency indicating that the items have been tested 
in accordance with required procedures and that the materials and 
equipment comply with all contract requirements will be accepted.  
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However, materials and equipment installed in hazardous locations 
must bear the UL label unless the data submitted from other testing 
agency is specifically approved in writing by the Contracting 
Officer.  Items which are required to be listed and labeled in 
accordance with Underwriters Laboratories must be affixed with a UL 
label that states that it is UL listed.  No exceptions or waivers 
will be granted to this requirement.  Materials and equipment will 
be approved based on the manufacturer's published data. 

 
  For other than equipment and materials specified to conform to UL 
publications, a manufacturer's statement indicating complete 
compliance with the applicable standard of the American Society for 
Testing and Materials, National Electrical Manufacturers 
Association, or other commercial standard, is acceptable. 

 
1.4 WORKMANSHIP 
 
Materials and equipment shall be installed in accordance with NFPA 70, 
recommendations of the manufacturer, and as shown. 

 
1.5 SEISMIC REQUIREMENTS 
 

 
Seismic details shall conform to Sections 13080 SEISMIC PROTECTION FOR 
MISCELLANEOUS EQUIPMENT and  NFPA 70 (NEC 1999 edition.) 

 
2 PRODUCTS 
 
Products shall conform to the respective publications and other requirements 
specified below.  Materials and equipment not listed below shall be as 
specified elsewhere in this section.  Items of the same classification shall 
be identical including equipment, assemblies, parts, and components. 

 
2.1 CABLES AND WIRES 
 
Conductors No. 8 AWG and larger diameter shall be stranded.  Conductors No. 
10 AWG and smaller diameter shall be solid, except that conductors for 
remote control, alarm, and signal circuits, classes 1, 2, and 3, shall be 
stranded unless specifically indicated otherwise.  Conductor sizes and 
ampacities shown are based on copper, unless indicated otherwise. Conductors 
shall be copper. 

 
2.1.1 Equipment Manufacturer Requirements 
 
When manufacturer's equipment requires copper conductors at the terminations 
or requires copper conductors to be provided between components of 
equipment, provide copper conductors or splices, splice boxes, and other 
work required to meet manufacturer's requirements. 

 
2.1.2 Aluminum Conductors 
 
Aluminum conductors shall not be used. 

 
2.1.3 Insulation 
 
Unless indicated otherwise, or required by NFPA 70, power and lighting wires 
shall be 600-volt, Type THWN, THHN, or THW conforming to UL 83 or RHW 
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conforming to UL 44, except that grounding wire may be type TW conforming to 
UL 83; remote-control and signal circuits shall be Type TW, THW or TF, 
conforming to UL 83.  Where lighting fixtures require 90-degree Centigrade 
(C) conductors, provide only conductors with 90-degree C insulation or 
better. 

 
2.1.4 Bonding Conductors 
 
ASTM B 1, solid bare copper wire for sizes No. 8 AWG and smaller diameter; 
ASTM B 8, Class B, stranded bare copper wire for sizes No. 6 AWG and larger 
diameter. 

 
2.1.5 Service Entrance Cables 
 
Service entrance (SE) and underground service entrance (USE) cables, UL 854. 

 
 
 
 
2.3   TRANSIENT VOLTAGE SURGE PROTECTION 
 
Transient voltage surge suppressors shall be provided as indicated.  Surge 
suppressors shall meet the requirements of IEEE C62.41 and be UL listed and 
labeled as having been tested in accordance with UL 1449.  Surge suppressor 
ratings shall be as indicated. Fuses shall not be used as surge suppression. 

 
 
2.4 CIRCUIT BREAKERS 
 
2.4.1 MOLDED-CASE CIRCUIT BREAKERS 
 
Molded-case circuit breakers shall conform to NEMA AB 1 and UL 489 and UL 
877 for circuit breakers and circuit breaker enclosures located in hazardous 
(classified) locations.  Circuit breakers may be installed in panelboards, 
switchboards, enclosures, motor control centers, or combination motor 
controllers. 

 
2.4.1.1  Construction 
 
Circuit breakers shall be suitable for mounting and operating in any 
position.  Lug shall be listed for copper conductors only in accordance with 
UL 486E.  Single-pole circuit breakers shall be full module size with not 
more than one pole per module.  Multi-pole circuit breakers shall be of the 
common-trip type having a single operating handle such that an overload or 
short circuit on any one pole will result in all poles opening 
simultaneously.  Sizes of 100 amperes or less may consist of single-pole 
breakers permanently factory assembled into a multi-pole unit having an 
internal, mechanical, nontamperable common-trip mechanism and external 
handle ties.  All circuit breakers shall have a quick-make, quick-break 
overcenter toggle-type mechanism, and the handle mechanism shall be trip-
free to prevent holding the contacts closed against a short-circuit or 
sustained overload.  All circuit breaker handles shall assume a position 
between "ON" and "OFF" when tripped automatically.  All ratings shall be 
clearly visible. 

 

16415-11 



CE 01105.100 

2.4.1.2  Ratings 
 
Voltage ratings shall be not less than the applicable circuit voltage.  The 
interrupting rating of the circuit breakers shall be at least equal to the 
available short-circuit current at the line terminals of the circuit breaker 
and correspond to the UL listed integrated short-circuit current rating 
specified for the panelboards and switchboards.  Molded-case circuit 
breakers shall have nominal voltage ratings, maximum continuous-current 
ratings, and maximum short-circuit interrupting ratings in accordance with 
NEMA AB 1.  Ratings shall be coordinated with system X/R ratio. 

 
2.4.1.3   Cascade System Ratings 
 
Circuit breakers used in series combinations shall be in accordance with UL 
489.  Equipment, such as switchboards and panelboards, which house series-
connected circuit breakers shall be clearly marked accordingly.  Series 
combinations shall be listed in the UL Recognized Component Directory under 
"Circuit Breakers-Series Connected." 

 
2.4.1.4  Thermal-Magnetic Trip Elements 
 
Thermal magnetic circuit breakers shall be provided as shown.  Automatic 
operation shall be obtained by means of thermal-magnetic tripping devices 
located in each pole providing inverse time delay and instantaneous circuit 
protection.  The instantaneous magnetic trip shall be adjustable and 
accessible from the front of all circuit breakers on frame sizes above 150 
amperes. 

 
2.4.2   Solid-State Trip Elements 
 

Solid-state circuit breakers shall be provided as shown.  All electronics  
shall be self-contained and require no external relaying, power supply, or 
accessories.  Printed circuit cards shall be treated to resist moisture 
absorption, fungus growth, and signal leakage.  All electronics shall be 
housed in an enclosure which provides protection against arcs, magnetic 
interference, dust, and other contaminants.  Solid-state sensing shall 
measure true RMS current with error less than one percent on systems with 
distortions through the 13th harmonic.  Peak or average actuating devices 
are not acceptable.  Current sensors shall be torodial construction, 
encased in a plastic housing filled with epoxy to protect against damage 
and moisture and shall be integrally mounted on the breaker.  Where 
indicated on the drawings, circuit breaker frames shall be rated for 100 
percent continuous duty.  Circuit breakers shall have tripping features as 
shown on the drawings and as described.  

 
2.4.3  Current-Limiting Circuit Breakers 
 
Current-limiting circuit breakers shall be provided as shown.  Current-
limiting circuit breakers shall limit the let-through I square times t to a 
value less than the I square times t of one-half cycle of the symmetrical 
short-circuit current waveform.  On fault currents below the threshold of 
limitation, breakers shall provide conventional overload and short-circuit 
protection.  Integrally-fused circuit breakers shall not be used. 
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2.4.4  SWD Circuit Breakers 
 
Circuit breakers rated 15 amperes and intended to switch 277 volts or less 
fluorescent lighting loads shall be marked "SWD." 

 
2.4.5  HACR Circuit Breakers 
 
Circuit breakers 60 amperes or below, 240 volts, 1-pole or 2-pole, intended 
to protect multi-motor and combination-load installations involved in 
heating, air conditioning, and refrigerating equipment shall be marked 
"Listed HACR Type." 

 
2.4.6  Low-Voltage Power 
 

a.  Construction: 
 
Low-voltage power circuit breakers shall conform to IEEE C37.13, ANSI 
C37.16, and NEMA SG 3 and shall be three-pole, single-throw, stored energy, 
manually or electrically operated as indicated, with drawout mounting.  
Solid-state trip elements which require no external power connections shall 
be provided.  Circuit breakers shall have an open/close contact position 
indicator, charged/discharged stored energy indicator, primary disconnect 
devices, and a mechanical interlock to prevent making or breaking contact of 
the primary disconnects when the circuit breaker is closed.  Control voltage 
shall be as indicated.  The circuit breaker enclosure shall be suitable for 
its intended location. 

 
b.  Ratings: 

 
Voltage ratings shall be not less than the applicable circuit voltage.  
Circuit breakers shall be rated for 100 percent continuous duty and shall 
have trip current ratings and frame sizes as shown.  Nominal voltage 
ratings, maximum continuous-current ratings, and maximum short-circuit 
interrupting ratings shall be in accordance with ANSI C37.16.  Tripping 
features shall be as follows: 

 
1.  Long-time current pick-up, adjustable from 50 percent to 100 
percent of sensor current rating. 

 
2.  Adjustable long-time delay. 

 
3.  Short-time current pick-up, adjustable from 1.5 to 9 times 
long-time current setting. 

 
4.  Adjustable short-time delay. 

 
5.  Short-time I square times t switch. 

 
6.  Instantaneous current pick-up, adjustable from 1.5 to 9 times 
long-time current setting. 

 
7.  Ground-fault pick-up, adjustable from 20 percent to 60 percent 
of sensor rating, but in no case greater than 1200 amperes.  
Sensing of ground-fault current at the main bonding jumper or 
ground strap shall not be permitted.  Zone-selective interlocking 
shall be provided as shown. 
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8.  Fixed or Adjustable ground-fault delay as indicated. 
 

9.  Ground-fault I square times t switch. 
 

10.  Overload, short-circuit,and ground-fault trip indicators shall 
be provided as indicated. 

 
2.4.7  Ground Fault Circuit Interrupters 
 
UL 943.  Breakers equipped with ground fault circuit interrupters shall have 
ground fault class, interrupting capacity, and voltage and current ratings 
as indicated. 

 
2.5    CONDUIT AND TUBING 
 
2.5.1  Electrical, Zinc-Coated Steel Metallic Tubing (EMT) 
 
UL 797 

 
2.5.2  Electrical Nonmetallic Tubing (ENT) 
 
NEMA TC 13. 

 
2.5.3  Flexible Conduit, Steel  
 
General-purpose type, UL 1; liquid tight, UL 360, and UL 1660. 

 
2.5.4 Intermediate Metal Conduit 
 
   UL 1242 
 
2.5.5   Rigid Metal Conduit 
 
UL 6. 

 
2.5.6  Rigid Plastic Conduit 
 
  NEMA TC 2, UL 651 and UL 651A. 
 
2.5.7 Surface Metal Electrical Raceways and Fittings 
 
UL 5. 

 
2.6 CONDUIT AND DEVICE BOXES AND FITTINGS 
 
2.6.1  Boxes, Metallic Outlet 
 
NEMA OS 1 and UL 514A. 

 
2.6.2 Boxes, Nonmetallic, Outlet and Flush-Device Boxes and Covers 
 
NEMA OS 2 and UL 514C. 

 
2.6.3 Boxes, Outlet for Use in Hazardous (Classified) Locations 
 
UL 886. 
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2.6.4 Boxes, Switch (Enclosed), Surface-Mounted 
 
UL 98. 

 
2.6.5 Fittings for Conduit and Outlet Boxes 
 
UL 514B. 

 
2.6.6 Fittings For Use in Hazardous (Classified) Locations 
 
UL 886. 

 
2.6.7 Fittings, PVC, for Use with Rigid PVC Conduit and Tubing 
 
UL 514B. 

 
2.7 CONNECTORS, WIRE PRESSURE 
 
2.7.1 For Use With Copper Conductors 
 
UL 486A. 

 
2.8 ELECTRICAL GROUNDING AND BONDING EQUIPMENT 
 
UL 467. 

 
2.8.1 Ground Rods 
 
Ground rods shall be of copper-clad steel conforming to UL 467, zinc-coated 
steel conforming to ANSI C135.30 or solid stainless steel not less than 5/8 
or 3/4 inch in diameter by 10 feet in length driven full length into the 
earth. 

 
2.8.2 Ground Bus 
 
The ground bus shall be bare conductor or flat copper in one piece, if 
practicable. 

 
2.9 ENCLOSURES 
 
NEMA ICS 6, NEMA 250 or UL 698 for use in hazardous (classified) locations, 
unless otherwise specified. 

 
2.9.1 Cabinets and Boxes 
 
Cabinets and boxes with volume greater than 100 cubic inches shall be in 
accordance with UL 50, hot-dip, zinc-coated, if sheet steel. 

 
2.9.2 Circuit Breaker Enclosures 
 
UL 489. 

 
2.9.3 Circuit Breaker Enclosures for Use in Hazardous (Classified) Locations 
 
UL 877. 
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2.10 LIGHTING FIXTURES, LAMPS, BALLASTS, EMERGENCY EQUIPMENT, CONTROLS AND 
ACCESSORIES 

 
The following specifications are supported and supplemented by information 
and details on the drawings.  Additional fixtures, if shown, shall conform 
to this specification.  Lighting equipment installed in classified hazardous 
locations shall conform to UL 844.  Lamps, lampholders, ballasts, 
transformers, electronic circuitry and other lighting system components 
shall be constructed according to industry standards.  Equipment shall be 
tested and listed by a recognized independent testing laboratory for the 
expected installation conditions.  Equipment shall conform to the standards 
listed below. 

 
2.10.1 Lamps 
 
Lamps shall be constructed to operate in the specified fixture, and shall 
function without derating life or output as listed in published data.  Lamps 
shall meet the requirements of the Energy Policy Act of 1992. 

 
a.  Incandescent and tungsten halogen lamps shall be designed for 125 

volt operation (except for low voltage lamps), shall be rated for 
minimum life of 2,000 hours, and shall have color temperature 
between 2,800 and 3,200 degrees Kelvin.  Tungsten halogen lamps 
shall incorporate quartz capsule construction.  Lamps shall comply 
with ANSI C78.20 and sections 238 and 270 of ANSI C78.21. 

 
b.  Fluorescent lamps shall have color temperature of 3,500 degrees 

Kelvin or as indicated.  They shall be designed to operate with the 
ballasts and circuitry of the fixtures in which they will be used.  
Fluorescent lamps, including spares, shall be manufactured by one 
manufacturer to provide for color and performance consistency.  
Fluorescent lamps shall comply with ANSI C78.1.  Fluorescent tube 
lamp efficiencies shall meet or exceed the following requirements. 

 
            T8, 32 watts               (4' lamp)            2800 lumens 
   T8, 59 watts               (8' lamp)            5700 lumens 
   T8/U,31-32 watts           (U-tube)             2600 lumens 
             

(1)  Linear fluorescent lamps, unless otherwise indicated, shall be 
4 feet long 32 watt T8, 265 mA, with minimum CRI of 75.  Lamps of 
other lengths or types shall be used only where specified or shown.  
Lamps shall deliver rated life when operated on ballasts as shown. 

 
(2)  Small compact fluorescent lamps shall be twin, double, or 
triple tube configuration as shown with bi-pin or four-pin snap-in 
base and shall have minimum CRI of 85.  They shall deliver rated 
life when operated on ballasts as shown.  9 and 13 watt double tube 
lamps shall comply with ANSI C78.2B.  18 and 26 watt double tube 
lamps shall comply with ANSI C78.2A.  Minimum starting temperature 
shall be 32 degrees F for twin tube lamps and for double and triple 
twin tube lamps without internal starter; and 15 degrees F for 
double and triple twin tube lamps with internal starter. 

 
(3)  Long compact fluorescent lamps shall be 18, 27, 39, 40, 50, or 
55 watt bi-axial type as shown with four-pin snap-in base; shall 
have minimum CRI of 85; and shall have a minimum starting 
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temperature of 50 degrees F.  They shall deliver rated life when 
operated on ballasts as shown. 

 
c.  High intensity discharge lamps, including spares, shall be 

manufactured by one manufacturer in order to provide color and 
performance consistency.  High intensity discharge lamps shall be 
designed to operate with the ballasts and circuitry of the fixtures 
in which they will be used and shall have wattage, shape and base 
as shown.  High intensity discharge lamps, unless otherwise shown, 
shall have medium or mogul screw base and minimum starting 
temperature of -20 degrees F.  Metal halide lamps, unless otherwise 
shown, shall have minimum CRI of 65; color temperature of 4,300 
degrees Kelvin; shall be -BU configuration if used in base-up 
position; and shall be -H or high output configuration if used in 
horizontal position.  Lamps shall comply with all applicable ANSI 
C78.1350, ANSI C78.1351, ANSI C78.1352, ANSI C78.1355,ANSI 
C78.1375, and ANSI C78.1376. 

 
2.10.2 Ballasts and Transformers 
 
Ballasts or transformers shall be designed to operate the designated lamps 
within their optimum specifications, without derating the lamps.  Lamp and 
ballast combinations shall be certified as acceptable by the lamp 
manufacturer. 

 
a.  Low voltage incandescent transformers shall be Class II UL listed 

120/12 volt or 120/24 volt step-down transformers as required for 
the lamps shown.  Transformers shall be high power factor type and 
shall be rated for continuous operation under the specified load.  
Transformers shall be encased or encased and potted, and mounted 
integrally within the lighting fixture unless otherwise shown. 

 
b.  Fluorescent ballasts shall comply with ANSI C82.1 and shall be 

mounted integrally within fluorescent fixture housing unless 
otherwise shown.  Ballasts shall have maximum current crest factor 
of 1.7; high power factor; Class A sound rating; maximum operating 
case temperature of 77 degrees F above ambient; and shall be rated 
Class P.  Unless otherwise indicated, the minimum number of 
ballasts shall be used to serve each individual fixture.  A single 
ballast may be used to serve multiple fixtures if they are 
continuously mounted, identically controlled and factory 
manufactured for that installation with an integral wireway. 

 
(1)  Compact fluorescent ballasts shall comply with IEEE C62.41 
Category A transient voltage variation requirements and shall be 
mounted integrally within compact fluorescent fixture housing 
unless otherwise shown.  Ballasts shall have minimum ballast factor 
of 0.95; maximum current crest factor of 1.6; high power factor; 
maximum operating case temperature of 77 degrees F above ambient; 
shall be rated Class P; and shall have a sound rating of Class A.  
Ballasts shall meet FCC Class A specifications for EMI/RFI 
emissions.  Ballasts shall operate from nominal line voltage of 120 
or 277 volts as indicated at 60 Hz and maintain constant light 
output over a line voltage variation of + 10%.  Ballasts shall have 
an end-of-lamp-life detection and shut-down circuit.  Ballasts 
shall be UL listed and shall contain no PCBs.  Ballasts shall 
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contain potting to secure PC board, provide lead strain relief, and 
provide a moisture barrier. 

 
(2)  Electronic fluorescent ballasts shall comply with 47 CFR 18 
for electromagnetic interference.  Ballasts shall withstand line 
transients per IEEE C62.41, Category A.  Ballasts shall have total 
harmonic distortion between 10 and 20%; minimum frequency of 
20,000Hz; filament voltage between 2.5 and 4.5 volts; maximum 
starting inrush current of 20 amperes; and shall comply with the 
minimum Ballast Efficacy Factors shown in the table below.  Minimum 
starting temperature shall be as shown.  Ballasts shall carry a 
manufacturer's full warranty of three years, including a minimum 
$10 labor allowance per ballast. 

 
ELECTRONIC FLUORESCENT BALLAST EFFICACY FACTORS 

 
         LAMP      TYPE OF      NOMINAL         NUMBER      MINIMUM 
         TYPE      STARTER      OPERATIONAL       OF        BALLAST 
                   & LAMP       VOLTAGE         LAMPS       EFFICACY 
                                                            FACTOR 
 
        32W T8     rapid       120 or 277 V       1           2.54 
                   start                          2           1.44 
                   linear &                       3           0.93 
                   U-tubes                        4           0.73 
________________________________________________________________________ 
 
        59W T8     rapid       120 or 277 V       2           0.80 
                   start 
                   linear 
__________________________________________________________________________ 
 

c.  High intensity discharge ballasts shall comply with UL 1029 and, if 
multiple supply types, with ANSI C82.4.  Ballasts shall have 
minimum ballast factor of 0.9; high power factor; Class A sound 
rating; and maximum operating case temperature of 77 degrees F 
above ambient. 

 
(1)  Electronic high intensity discharge ballasts shall be constant 
wattage autotransformer type; shall have less than 10% ballast 
loss; shall have total harmonic distortion between 10 and 20%; and 
shall have a minimum starting temperature of 0 degrees F. 

 
2.10.3 Fixtures 
 
Fixtures shall be in accordance with the size, shape, appearance, finish, 
and performance shown.  Unless otherwise indicated, lighting fixtures shall 
be provided with housings, junction boxes, wiring, lampholders, mounting 
supports, trim, hardware and accessories for a complete and operable 
installation.  Recessed housings shall be minimum 20 gauge cold rolled or 
galvanized steel as shown.  Extruded aluminum fixtures shall have minimum 
wall thickness of 0.125 inches.  Plastic lenses shall be 100% virgin acrylic 
or as shown.  Glass lenses shall be tempered.  Heat resistant glass shall be 
borosilicate type.   Conoid recessed reflector cones shall be Alzak with 
clear specular low iridescent finish. 
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a.  Incandescent fixtures shall comply with UL 1571.  Incandescent 
fixture specular reflector cone trims shall be integral to the cone 
and shall be finished to match.  Painted trim finishes shall be 
white with minimum reflectance of 88%.  Low voltage incandescent 
fixtures shall have integral step-down transformers. 

 
b.  Fluorescent fixtures shall comply with UL 1570.  Recessed ceiling 

fixtures shall comply with NEMA LE 4.  Fixtures shall be plainly 
marked for proper lamp and ballast type to identify lamp diameter, 
wattage, color and start type.  Marking shall be readily visible to 
service personnel, but not visible from normal viewing angles.  
Fluorescent fixture lens frames on recessed and surface mounted 
troffers shall be one assembly with mitered corners.  Parabolic 
louvers shall have a low iridescent finish and 45 degree cut-off.  
Louver intersection joints shall be hairline type and shall conceal 
mounting tabs or other assembly methods.  Louvers shall be free 
from blemishes, lines or defects which distort the visual surface.  
Integral ballast and wireway compartments shall be easily 
accessible without the use of special tools.  Housings shall be 
constructed to include grounding necessary to start the lamps.  
Open fixtures shall be equipped with a sleeve, wire guard, or other 
positive means to prevent lamps from falling.  Medium bi-pin 
lampholders shall be twist-in type with positive locking position.  
Long compact fluorescent fixtures and fixtures utilizing U-bend 
lamps shall have clamps or secondary lampholders to support the 
free ends of the lamps. 

 
c.  High intensity discharge fixture shall comply with UL 1572.  

Recessed ceiling fixtures shall comply with NEMA LE 4.  Reflectors 
shall be anodized aluminum.  Fixtures for horizontal lamps shall 
have position oriented lampholders.  Lampholders shall be pulse-
rated to 5,000 volts.  Fixtures indicated as classified or rated 
for hazardous locations or special service shall be designed and 
independently tested for the environment in which they are 
installed.  Recessed lens fixtures shall have extruded aluminum 
lens frames.  Ballasts shall be integral to fixtures and shall be 
accessible without the use of special tools.  Remote ballasts shall 
be encased and potted.  Lamps shall be shielded from direct view 
with a UV absorbing material such as tempered glass, and shall be 
circuited through a cut-off switch which will shut off the lamp 
circuit if the lens is not in place. 

 
d.  Emergency lighting fixtures and accessories shall be constructed 

and independently tested to meet the requirements of applicable 
codes.  Batteries shall be Nicad or equal with no required 
maintenance, and shall have a minimum life expectancy of five years 
and warranty period of three years. 

 
e.  Exit Signs 

 
Exit signs shall be ENERGY STAR compliant, thereby meeting the following 
requirements.  Input power shall be less than 5 watts per face.  Letter size 
and spacing shall adhere to NFPA 101.  Luminance contrast shall be greater 
than 0.8.  Average luminance shall be greater than 15 cd/m2 measured at 
normal (0 degree) and 45 degree viewing angles.  Minimum luminance shall be 
greater than 8.6 cd/m2 measured at normal and 45 degree viewing angles.  
Maximum to minimum luminance shall be less than 20:1 measured at normal and 
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45 degree viewing angles.  The manufacturer warranty for defective parts 
shall be at least 5 years. 

 
2.10.4 Lampholders, Starters, and Starter Holders 
 
UL 542 

 
2.10.5 Ultrasonic, and Passive Infrared Occupancy Sensors 
 
UL 916 

 
2.11 LOW-VOLTAGE FUSES AND FUSEHOLDERS 
 
2.11.1 Fuses, Low Voltage Cartridge Type 
 
NEMA FU 1. 

 
2.11.2 Fuses, High-Interrupting-Capacity, Current-Limiting Type 
 
Fuses, Class G, J, L and CC shall be in accordance with UL 198C. 

 
2.11.3 Fuses, Class K, High-Interrupting-Capacity Type 
 
UL 198D. 

 
2.11.4 Fuses, Class H 
 
UL 198B. 

 
2.11.5 Fuses, Class R 
 
UL 198E. 

 
2.11.6 Fuses, Class T 
 
UL 198H. 

 
2.11.7 Fuses for Supplementary Overcurrent Protection 
 
UL 198G. 

 
2.11.8 Fuses, D-C for Industrial Use 
 
UL 198L. 

 
2.11.9 Fuseholders 
 
UL 512. 

 
2.12 INSTRUMENTS, ELECTRICAL INDICATING 
 
ANSI C39.1. 

 
2.13 MOTORS, AC, FRACTIONAL AND INTEGRAL 
 
Motors, ac, fractional and integral horsepower, 500 hp and smaller shall 
conform to NEMA MG 1 and UL 1004 for motors; NEMA MG 10 for energy 
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management selection of polyphase motors; and UL 674 for use of motors in 
hazardous (classified) locations.  In addition to the standards listed 
above, motors shall be provided with efficiencies as specified in the table 
"MINIMUM NOMINAL EFFICIENCIES" below. 

 
2.13.1 Rating 
 
The horsepower rating of motors should be limited to no more than 125 
percent of the maximum load being served unless a NEMA standard size does 
not fall within this range.  In this case, the next larger NEMA standard 
motor size should be used. 

 
2.13.2 Motor Efficiencies 
 
All permanently wired polyphase motors of 1 hp or more shall meet the 
minimum full-load efficiencies as indicated in the following table, and as 
specified in this specification.  Motors of 1 hp or more with open, drip 
proof or totally enclosed fan cooled enclosures shall be high efficiency 
type, unless otherwise indicated.  Motor efficiencies indicated in the 
tables apply to general-purpose, single-speed, polyphase induction motors.  
Applications which require definite purpose, special purpose, special frame, 
or special mounted polyphase induction motors are excluded from these  
efficiency requirements.  Motors provided as an integral part of motor 
driven equipment are excluded from this requirement if a minimum seasonal or 
overall efficiency requirement is indicated for that equipment by the 
provisions of another section. 

 
MINIMUM NOMINAL MOTOR EFFICIENCIES 

OPEN DRIP PROOF MOTORS 
 
     kW           1200 RPM             1800 RPM               3600 RPM 
 
    0.746           82.5                 85.5                   80.0 
    1.12            86.5                 86.5                   85.5 
    1.49            87.5                 86.5                   86.5 
    2.24            89.5                 89.5                   86.5 
    3.73            89.5                 89.5                   89.5    
    5.60            91.7                 91.0                   89.5 
    7.46            91.7                 91.7                   90.2 
   11.2             92.4                 93.0                   91.0 
   14.9             92.4                 93.0                   92.4 
   18.7             93.0                 93.6                   93.0    
   22.4             93.6                 93.6                   93.0 
   29.8             94.1                 94.1                   93.6 
   37.3             94.1                 94.5                   93.6 
   44.8             95.0                 95.0                   94.1 
   56.9             95.0                 95.0                   94.5    
   74.6             95.0                 95.4                   94.5 
   93.3             95.4                 95.4                   95.0 
  112.0             95.8                 95.8                   95.4 
  149.0             95.4                 95.8                   95.4 
  187.0             95.4                 96.2                   95.8    
  224.0             95.4                 95.0                   95.4 
  261.0             94.5                 95.4                   95.0 
  298.0             94.1                 95.8                   95.0 
  336.0             94.5                 95.4                   95.4 
  373.0             94.5                 94.5                   94.5    
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TOTALLY ENCLOSED FAN-COOLED MOTORS 

 
     kW           1200 RPM             1800 RPM               3600 RPM 
 
    0.746           82.5                 85.5                   78.5 
    1.12            87.5                 86.5                   85.5 
    1.49            88.5                 86.5                   86.5 
    2.24            89.5                 89.5                   88.5 
    3.73            89.5                 89.5                   89.5    
    5.60            91.7                 91.7                   91.0 
    7.46            91.7                 91.7                   91.7 
   11.2             92.4                 92.4                   91.7 
   14.9             92.4                 93.0                   92.4 
   18.7             93.0                 93.6                   93.0    
   22.4             93.6                 93.6                   93.0 
   29.8             94.1                 94.1                   93.6 
   37.3             94.1                 94.5                   94.1 
   44.8             94.5                 95.0                   94.1 
   56.9             95.0                 95.4                   94.5    
   74.6             95.4                 95.4                   95.0 
   93.3             95.4                 95.4                   95.4 
  112.0             95.8                 95.8                   95.4 
  149.0             95.8                 96.2                   95.8 
  187.0             95.6                 96.2                   95.9    
  224.0             95.4                 96.1                   95.8 
  261.0             94.5                 96.2                   94.8 
  298.0             94.5                 95.8                   94.5 
  336.0             94.5                 94.5                   94.5 
  373.0             94.5                 94.5                   94.5    
 

MINIMUM NOMINAL MOTOR EFFICIENCIES 
OPEN DRIP PROOF MOTORS 

 
     HP           1200 RPM             1800 RPM               3600 RPM 
 
    1               82.5                 85.5                   80.0 
    1.5             86.5                 86.5                   85.5 
    2               87.5                 86.5                   86.5 
    3               89.5                 89.5                   86.5 
    5               89.5                 89.5                   89.5    
    7.5             91.7                 91.0                   89.5 
   10               91.7                 91.7                   90.2 
   15               92.4                 93.0                   91.0 
   20               92.4                 93.0                   92.4 
   25               93.0                 93.6                   93.0    
   30               93.6                 93.6                   93.0 
   40               94.1                 94.1                   93.6 
   50               94.1                 94.5                   93.6 
   60               95.0                 95.0                   94.1 
   75               95.0                 95.0                   94.5    
  100               95.0                 95.4                   94.5 
  125               95.4                 95.4                   95.0 
  150               95.8                 95.8                   95.4 
  200               95.4                 95.8                   95.4 
  250               95.4                 96.2                   95.8    
  300               95.4                 95.0                   95.4 

16415-22 



CE 01105.100 

  350               94.5                 95.4                   95.0 
  400               94.1                 95.8                   95.0 
  450               94.5                 95.4                   95.4 
  500               94.5                 94.5                   94.5    
 

TOTALLY ENCLOSED FAN-COOLED MOTORS 
 
     HP           1200 RPM             1800 RPM               3600 RPM 
 
    1               82.5                 85.5                   78.5 
    1.5             87.5                 86.5                   85.5 
    2               88.5                 86.5                   86.5 
    3               89.5                 89.5                   88.5 
    5               89.5                 89.5                   89.5    
    7.5             91.7                 91.7                   91.0 
   10               91.7                 91.7                   91.7 
   15               92.4                 92.4                   91.7 
   20               92.4                 93.0                   92.4 
   25               93.0                 93.6                   93.0    
   30               93.6                 93.6                   93.0 
   40               94.1                 94.1                   93.6 
   50               94.1                 94.5                   94.1 
   60               94.5                 95.0                   94.1 
   75               95.0                 95.4                   94.5    
  100               95.4                 95.4                   95.0 
  125               95.4                 95.4                   95.4 
  150               95.8                 95.8                   95.4 
  200               95.8                 96.2                   95.8 
  250               95.6                 96.2                   95.9    
  300               95.4                 96.1                   95.8 
  350               94.5                 96.2                   94.8 
  400               94.5                 95.8                   94.5 
  450               94.5                 94.5                   94.5 
  500               94.5                 94.5                   94.5    
 
2.14   MOTOR CONTROLS AND MOTOR CONTROL CENTERS 
 
2.14.1 General 
 
NEMA ICS 1, NEMA ICS 2, NEMA ICS 3 and NEMA ICS 6, and UL 508 and UL 845.  
Panelboards supplying non-linear loads shall have neutrals sized for 200 
percent of rated current. 

 
2.14.2 Motor Starters 
 
Combination starters shall be provided with circuit breakers, fusible 
switches, and switches equipped with high-interrupting-capacity current-
limiting fuses as indicated. 

 
2.14.2.1    Reduced-Voltage Starters 
 
Reduced-voltage starters shall be provided for polyphase motors as 
indicated.  Reduced-voltage starters shall be of the single-step 
autotransformer, reactor, or resistor type having an adjustable time 
interval between application of reduced and full voltages to the motors.  
Wye-delta reduced voltage starter or part winding increment starter having 
an adjustable time delay between application of voltage to first and second 
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winding of motor may be used in lieu of the reduced voltage starters 
specified above for starting of motor-generator sets, centrifugally operated 
equipment or reciprocating compressors provided with automatic unloaders. 

 
2.14.3 Thermal-Overload Protection 
 
Each motor of 1/8 hp or larger shall be provided with thermal-overload 
protection.  Polyphase motors shall have overload protection in each 
ungrounded conductor.  The overload-protection device shall be provided 
either integral with the motor or controller, or shall be mounted in a 
separate enclosure.  Unless otherwise specified, the protective device shall 
be of the manually reset type.  Single or double pole tumbler switches 
specifically designed for alternating-current operation only may be used as 
manual controllers for single-phase motors having a current rating not in 
excess of 80 percent of the switch rating. 

 
2.14.4 Low-Voltage Motor Overload Relays 
 
2.14.4.1 General 
 
Thermal and magnetic current overload relays shall conform to NEMA ICS 2 and 
UL 508.  Overload protection shall be provided either integral with the 
motor or motor controller, and shall be rated in accordance with the 
requirements of NFPA 70.  Standard units shall be used for motor starting 
times up to 7 seconds. Slow units shall be used for motor starting times 
from 8 to 12 seconds. Quick trip units shall be used on hermetically sealed, 
submersible pumps, and similar motors. 

 
2.14.4.2 Construction 
 
Manual reset type thermal relay shall be melting alloy or bimetallic 
construction.  Automatic reset type thermal relays shall be bimetallic 
construction.  Magnetic current relays shall consist of a contact mechanism 
and a dash pot mounted on a common frame. 

 
2.14.4.3 Ratings 
 
Voltage ratings shall be not less than the applicable circuit voltage.  Trip 
current ratings shall be established by selection of the replaceable 
overload device and shall not be adjustable.  Where the controller is 
remotely-located or difficult to reach, an automatic reset, non-compensated 
overload relay shall be provided.  Manual reset overload relays shall be 
provided otherwise, and at all locations where automatic starting is 
provided.  Where the motor is located in a constant ambient temperature, and 
the thermal device is located in an ambient temperature that regularly 
varies by more than minus 18 degrees F, an ambient temperature-compensated 
overload relay shall be provided. 

 
2.14.5 Automatic Control Devices 
 
2.14.5.1 Direct Control 
 
Automatic control devices (such as thermostats, float or pressure switches) 
which control the starting and stopping of motors directly shall be designed 
for that purpose and have an adequate horsepower rating. 
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2.14.5.2 Pilot-Relay Control 
 
Where the automatic-control device does not have such a rating, a magnetic 
starter shall be used, with the automatic-control device actuating the 
pilot-control circuit. 

 
2.14.5.3 Manual/Automatic Selection 
 

a.  Where combination manual and automatic control is specified and the 
automatic-control device operates the motor directly, a double-
throw, three-position tumbler or rotary switch (marked MANUAL-OFF-
AUTOMATIC) shall be provided for the manual control. 

 
b.  Where combination manual and automatic control is specified and the 

automatic-control device actuates the pilot control circuit of a 
magnetic starter, the magnetic starter shall be provided with a 
three-position selector switch marked MANUAL-OFF-AUTOMATIC. 

 
c.  Connections to the selector switch shall be such that; only the 

normal automatic regulatory control devices will be bypassed when 
the switch is in the Manual position; all safety control devices, 
such as low-or high-pressure cutouts, high-temperature cutouts, and 
motor-overload protective devices, shall be connected in the motor-
control circuit in both the Manual and the Automatic positions of 
the selector switch.  Control circuit connections to any MANUAL-
OFF-AUTOMATIC switch or to more than one automatic regulatory 
control device shall be made in accordance with wiring diagram 
approved by the Contracting Officer unless such diagram is included 
on the drawings.  All controls shall be 120 volts or less unless 
otherwise indicated. 

 
2.15 PANELBOARDS 
 
Dead-front construction, NEMA PB 1 and UL 67. 

 
2.16 RECEPTACLES 
 
2.16.1 Heavy Duty Grade 
 
NEMA WD 1.  Devices shall conform to all requirements for heavy duty 
receptacles. 

 
2.16.2 Ground Fault Interrupters 
 
UL 943, Class A or B. 

 
2.16.3 Hazardous (Classified) Locations 
 
UL 1010. 

 
2.16.4 NEMA Standard Receptacle Configurations 
 
NEMA WD 6. 

 
a.  Single and Duplex, 20-Ampere, 125 Volt  
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2.17 SERVICE ENTRANCE EQUIPMENT 
 
UL 869A. 

 
2.18 SPLICE, CONDUCTOR 
 
UL 486C. 

 
2.19 SNAP SWITCHES 
 
UL 20. 

 
2.20 TAPES 
 
2.20.1 Plastic Tape 
 
UL 510. 

 
2.20.2 Rubber Tape 
 
UL 510. 

 
2.21 WATTHOUR METERS 
 
Watthour meters shall conform to local utility requirements and standards. 

 
2.21 WIRING DEVICES 
 
NEMA WD 1 for wiring devices, and NEMA WD 6 for dimensional requirements of 
wiring devices. 

 
3 EXECUTION 
 
3.1 GROUNDING 
 
Grounding shall be in conformance with NFPA 70, the contract drawings, and 
the following specifications. 

 
3.1.1 Ground Rods 
 
The resistance to ground shall be measured using the fall-of-potential 
method described in IEEE Std 81.  The maximum resistance of a driven ground 
shall not exceed 25 ohms under normally dry conditions.  If this resistance 
cannot be obtained with a single rod, additional rods not less than 6 feet 
on centers, or additional sections may be coupled and driven with the first 
rod.  In high-ground-resistance, UL listed chemically charged ground rods 
may be used.  If the resultant resistance exceeds 25 ohms measured not less 
than 48 hours after rainfall, the Contracting Officer shall be notified 
immediately.  Connections below grade shall be fusion welded.  Connections 
above grade shall be fusion welded or shall use UL 467 approved connectors. 

 
3.1.2 Ground Bus 
 
Ground bus shall be provided in the electrical equipment rooms as indicated.  
Noncurrent-carrying metal parts of transformer neutrals and other electrical 
equipment shall be effectively grounded by bonding to the ground bus.  The 
ground bus shall be bonded to both the entrance ground, and to a ground rod 

16415-26 



CE 01105.100 

or rods as specified above having the upper ends terminating approximately 4 
inches above the floor.  Connections and splices shall be of the brazed, 
welded, bolted, or pressure-connector type, except that pressure connectors 
or bolted connections shall be used for connections to removable equipment.  
For raised floor equipment rooms in computer and data processing centers, a 
minimum of 4, one at each corner, multiple grounding systems shall be 
furnished.  Connections shall be bolted type in lieu of thermoweld, so they 
can be changed as required by additions and/or alterations. 

 
3.1.3 Grounding Conductors 
 
A green equipment grounding conductor, sized in accordance with NFPA 70 
shall be provided, regardless of the type of conduit.  Equipment grounding 
bars shall be provided in all panelboards.  The equipment grounding 
conductor shall be carried back to the service entrance grounding connection 
or separately derived grounding connection. All equipment grounding 
conductors, including metallic raceway systems used as such, shall be bonded 
or joined together in each wiring box or equipment enclosure.  Metallic 
raceways and grounding conductors shall be checked to assure that they are 
wired or bonded into a common junction.  Metallic boxes and enclosures, if 
used, shall also be bonded to these grounding conductors by an approved 
means per NFPA 70.  When  switches, or other utilization devices are 
installed, any designated grounding terminal on these devices shall also be 
bonded to the equipment grounding conductor junction with a short jumper. 

 
3.2 WIRING METHODS 
 
Wiring shall conform to NFPA 70, the contract drawings, and the following 
specifications.  Unless otherwise indicated, wiring shall consist of 
insulated conductors installed in rigid zinc-coated steel conduit, 
electrical metallic tubing, electrical nonmetallic tubing or intermediate 
metal conduit. Where cables and wires are installed in cable trays, they 
shall be of the type permitted by NFPA 70 for use in such applications.  
Nonmetallic-sheathed cables or metallic-armored cables may be installed in 
areas permitted by NFPA 70.  Wire fill in conduits shall be based on NFPA 70 
for the type of conduit and wire insulations specified.  Wire fill in 
conduits located in Class I or II hazardous areas shall be limited to 25 
percent of the cross sectional area of the conduit. 

 
3.2.1 Conduit and Tubing Systems 
 
Conduit and tubing systems shall be installed as indicated.  Conduit sizes 
shown are based on use of copper conductors with  insulation types as 
described in paragraph WIRING METHODS.  Minimum size of raceways shall be 
1/2 inch.  Only metal conduits will be permitted when conduits are required 
for shielding or other special purposes indicated, or when required by 
conformance to NFPA 70.  Nonmetallic conduit and tubing may be used in damp, 
wet or corrosive locations when permitted by NFPA 70 and the conduit or 
tubing system is provided with appropriate boxes, covers, clamps, screws or 
other appropriate type of fittings.  Electrical metallic tubing (EMT) may be 
installed only within buildings.  EMT may be installed in concrete and grout 
in dry locations.  EMT installed in concrete or grout shall be provided with 
concrete tight fittings.  EMT shall not be installed in damp or wet 
locations, or the air space of exterior masonry cavity walls.  Bushings, 
manufactured fittings or boxes providing equivalent means of protection 
shall be installed on the ends of all conduits and shall be of the 
insulating type, where required by NFPA 70.  Only UL listed adapters shall 
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be used to connect EMT to rigid metal conduit, cast boxes, and conduit 
bodies.  Aluminum conduit may be used only where installed exposed in dry 
locations.  Nonaluminum sleeves shall be used where aluminum conduit passes 
through concrete floors and firewalls.  Penetrations of above grade floor 
slabs, time-rated partitions and fire walls shall be firestopped in 
accordance with Section 07840 FIRESTOPPING.  Except as otherwise specified, 
IMC may be used as an option for rigid steel conduit in areas as permitted 
by NFPA 70.  Raceways shall not be installed under the firepits of boilers 
and furnaces and shall be kept 6 inches away from parallel runs of flues, 
steam pipes and hot-water pipes.  Raceways shall be concealed within 
finished walls, ceilings, and floors unless otherwise shown.  Raceways 
crossing structural expansion joints or seismic joints shall be provided 
with suitable expansion fittings or other suitable means to compensate for 
the building expansion and contraction and to provide for continuity of 
grounding.  Wiring installed in underfloor duct and raceway system shall be 
suitable for installation in wet locations where indicated. 

 
3.2.1.1 Pull Wires 
 
A pull wire shall be inserted in each empty raceway in which wiring is to be 
installed if the raceway is more than 50 feet in length and contains more 
than the equivalent of two 90-degree bends, or where the raceway is more 
than 150 feet in length.  The pull wire shall be of No. 14 AWG zinc-coated 
steel, or of plastic having not less than 200 pounds per square inch tensile 
strength.  Not less than 10 inches of slack shall be left at each end of the 
pull wire. 

 
3.2.1.2 Conduit Stub-Ups 
 
Where conduits are to be stubbed up through concrete floors, a short elbow 
shall be installed below grade to transition from the horizontal run of 
conduit to a vertical run.  A conduit coupling fitting, threaded on the 
inside shall be installed, to allow terminating the conduit flush with the 
finished floor.  Wiring shall be extended in rigid threaded conduit to 
equipment, except that where required, flexible conduit may be used 6 inches 
above the floor.  Empty or spare conduit stub-ups shall be plugged flush 
with the finished floor with a threaded, recessed plug. 

 
3.2.1.3 Below Slab-on-Grade or in the Ground 
 
Electrical wiring below slab-on-grade shall be protected by a conduit 
system.  Conduit passing vertically through slabs-on-grade shall be rigid 
steel or IMC.  Rigid steel or IMC conduits installed below slab-on-grade or 
in the earth shall be field wrapped with 0.010 inch thick pipe-wrapping 
plastic tape applied with a 50 percent overlay, or shall have a factory-
applied polyvinyl chloride, plastic resin, or epoxy coating system. 

 
3.2.1.4 Installing in Slabs Including Slabs on Grade 
 
Conduit installed in slabs-on-grade shall be rigid steel or IMC.  Conduits 
shall be installed as close to the middle of concrete slabs as practicable 
without disturbing the reinforcement.  Outside diameter shall not exceed 1/3 
of the slab thickness and conduits shall be spaced not closer than 3 
diameters on centers except at cabinet locations where the slab thickness 
shall be increased as approved by the Contracting Officer.  Where conduit is 
run parallel to reinforcing steel, the conduit shall be spaced a minimum of 
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one conduit diameter away but not less than one inch from the reinforcing 
steel. 

 
3.2.1.5 Changes in Direction of Runs 
 
Changes in direction of runs shall be made with symmetrical bends or cast-
metal fittings. Field-made bends and offsets shall be made with an approved 
hickey or conduit-bending machine.  Crushed or deformed raceways shall not 
be installed. Trapped raceways in damp and wet locations shall be avoided 
where possible.  Lodgment of plaster, dirt, or trash in raceways, boxes, 
fittings and equipment shall be prevented during the course of construction.  
Clogged raceways shall be cleared of obstructions or shall be replaced. 

 
3.2.1.6 Supports 
 
Metallic conduits and tubing,and the support system to which they are 
attached, shall be securely and rigidly fastened in place to prevent 
vertical and horizontal movement at intervals of not more than 10 feet and 
within 3 feet of boxes, cabinets, and fittings, with approved pipe straps, 
wall brackets, conduit clamps, conduit hangers, threaded C-clamps, beam 
clamps, or ceiling trapeze.  Loads and supports shall be coordinated with 
supporting structure to prevent damage or deformation to the structure.  
Loads shall not be applied to joist bridging.  Attachment shall be by wood 
screws or screw-type nails to wood; by toggle bolts on hollow masonry units; 
by expansion bolts on concrete or brick; by machine screws, welded threaded 
studs, heat-treated or spring-steel-tension clamps on steel work.  Nail-type 
nylon anchors or threaded studs driven in by a powder charge and provided 
with lock washers and nuts may be used in lieu of expansion bolts or machine 
screws.  Raceways or pipe straps shall not be welded to steel structures.  
Cutting the main reinforcing bars in reinforced concrete beams or joists 
shall be avoided when drilling holes for support anchors.  Holes drilled for 
support anchors, but not used, shall be filled.  In partitions of light 
steel construction, sheet-metal screws may be used.  Raceways shall not be 
supported using wire or nylon ties.  Raceways shall be independently 
supported from the structure.  Upper raceways shall not be used as a means 
of support for lower raceways.  Supporting means shall not be shared between 
electrical raceways and mechanical piping or ducts.  Cables and raceways 
shall not be supported by ceiling grids.  Except where permitted by NFPA 70, 
wiring shall not be supported by ceiling support systems.  Conduits shall be 
fastened to sheet-metal boxes and cabinets with two locknuts where required 
by NFPA 70, where insulating bushings are used, and where bushings cannot be 
brought into firm contact with the box; otherwise, a single locknut and 
bushing may be used.  Threadless fittings for electrical metallic tubing 
shall be of a type approved for the conditions encountered.  Additional 
support for horizontal runs is not required when EMT rests on steel stud 
cutouts. 

 
3.2.1.7 Exposed Raceways 
 
Exposed raceways shall be installed parallel or perpendicular to walls, 
structural members, or intersections of vertical planes and ceilings.  
Raceways under raised floors and above accessible ceilings shall be 
considered as exposed installations in accordance with NFPA 70 definitions. 
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3.2.1.8 Exposed Risers 
 
Exposed risers in wire shafts of multistory buildings shall be supported by 
U-clamp hangers at each floor level, and at intervals not to exceed 10 feet. 

 
 
3.2.1.9 Communications Raceways 
 
Communications raceways indicated shall be installed in accordance with the 
previous requirements for conduit and tubing and with the additional 
requirement that no length of run shall exceed 50 feet for 1/2 inch and 3/4 
inch sizes, and 100 feet for 1 inch or larger sizes, and shall not contain 
more than two 90-degree bends or the equivalent.  Additional pull or 
junction boxes shall be installed to comply with these limitations whether 
or not indicated.  Inside radii of bends in conduits of 1 inch size or 
larger shall not be less than ten times the nominal diameter. 

 
3.2 Cables and Conductors 
 
Installation shall conform to the requirements of NFPA 70.  Covered, bare or 
insulated conductors of circuits rated over 600 volts shall not occupy the 
same equipment wiring enclosure, cable, or raceway with conductors of 
circuits rated 600 volts or less. 

 
3.2.1 Sizing 
 
Unless otherwise noted, all sizes are based on copper conductors and the 
insulation types indicated.  Sizes shall be not less than indicated.  
Branch-circuit conductors shall be not smaller than No. 12 AWG.  Conductors 
for branch circuits of 120 volts more than 100 feet long and of 277 volts 
more than 230 feet long, from panel to load center, shall be no smaller than 
No. 10 AWG.  Class 1 remote control and signal circuit conductors shall be 
not less than No. 14 AWG.  Class 2 remote control and signal circuit 
conductors shall be not less than No. 16 AWG.  Class 3 low-energy, remote-
control and signal circuits shall be not less than No. 22 AWG. 

 
3.2.2 Use of Aluminum Conductors in Lieu of Copper 
 
Aluminum conductors shall not be used. 

 
3.2.3 Cable Splicing 
 
Splices shall be made in an accessible location.  Crimping tools and dies 
shall be approved by the connector manufacturer for use with the type of 
connector and conductor. 

 
a.  Copper Conductors, 600 Volt and Under:  Splices in conductors No. 

10 AWG and smaller diameter shall be made with an insulated, 
pressure-type connector.  Splices in conductors No. 8 AWG and 
larger diameter shall be made with a solderless connector and 
insulated with tape or heat-shrink type insulating material 
equivalent to the conductor insulation. 

 
3.2.4 Conductor Identification and Tagging 
 
Power, control, and signal circuit conductor identification shall be 
provided within each enclosure where a tap, splice, or termination is made.  
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Where several feeders pass through a common pull box, the feeders shall be 
tagged to indicate clearly the electrical characteristics, circuit number, 
and panel designation.  Phase conductors of low voltage power circuits shall 
be identified by color coding.  Phase identification by a particular color 
shall be maintained continuously for the length of a circuit, including 
junctions. 

 
a.  Color coding shall be provided for service, feeder, branch, and 

ground conductors.  Color shall be green for grounding conductors 
and white for neutrals; except where neutrals of more than one 
system are installed in the same raceway or box, other neutral 
shall be white with colored (not green) stripe.  The color coding 
for 3-phase and single-phase low voltage systems shall be as 
follows: 

 
120/208-volt, 3-phase:  Black(A), red(B), and blue(C). 
277/480-volt, 3-phase:  Brown(A), orange(B), and yellow(C). 
120/240-volt, 1-phase:  Black and red. 

 
b.  Conductor phase and voltage identification shall be made by color-

coded insulation for all conductors smaller than No. 6 AWG.  For 
conductors No. 6 AWG and larger, identification shall be made by 
color-coded insulation, or conductors with black insulation may be 
furnished and identified by the use of half-lapped bands of colored 
electrical tape wrapped around the insulation for a minimum of 3 
inches of length near the end, or other method as submitted by the 
Contractor and approved by the Contracting Officer. 

 
c.  Control and signal circuit conductor identification shall be made 

by color-coded insulated conductors, plastic-coated self-sticking 
printed markers, permanently attached stamped metal foil markers, 
or equivalent means as approved.  Control circuit terminals of 
equipment shall be properly identified.  Terminal and conductor 
identification shall match that shown on approved detail drawings.  
Hand lettering or marking is not acceptable. 

 
3.3 BOXES AND SUPPORTS 
 
Boxes shall be provided in the wiring or raceway systems where required by 
NFPA 70 for pulling of wires, making connections, and mounting of devices or 
fixtures.  Pull boxes shall be furnished with screw-fastened covers.  
Indicated elevations are approximate, except where minimum mounting heights 
for hazardous areas are required by NFPA 70.  Unless otherwise indicated, 
boxes for wall switches shall be mounted 48 inches above finished floors.  
Switch and outlet boxes located on opposite sides of fire rated walls shall 
be separated by a minimum horizontal distance of 24 inches.  The total 
combined area of all box openings in fire rated walls shall not exceed 100 
square inches per 100 square feet.  Maximum box areas for individual boxes 
in fire rated walls vary with the manufacturer and shall not exceed the 
maximum specified for that box in UL Elec Const Dir.  Only boxes listed in 
UL Elec Const Dir shall be used in fire rated walls. 

 
3.3.1 Box Applications 
 
Each box shall have not less than the volume required by NFPA 70 for number 
of conductors enclosed in box.  Boxes for metallic raceways shall be listed 
for the intended use when located in normally wet locations, when flush or 
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surface mounted on outside of exterior surfaces, or when located in 
hazardous areas.  Boxes installed in wet locations and boxes installed flush 
with the outside of exterior surfaces shall be gasketed.  Boxes for mounting 
lighting fixtures shall be not less than 4 inches square, or octagonal, 
except smaller boxes may be installed as required by fixture configuration, 
as approved.  Cast-metal boxes with 3/32 inch wall thickness are acceptable.  
Large size boxes shall be NEMA rating as shown.  Boxes in other locations 
shall be sheet steel except that aluminum boxes may be used with aluminum 
conduit, and nonmetallic boxes may be used with nonmetallic conduit and 
tubing or nonmetallic sheathed cable system, when permitted by NFPA 70.  
Boxes for use in masonry-block or tile walls shall be square-cornered, tile-
type, or standard boxes having square-cornered, tile-type covers. 

 
3.3.2 Brackets and Fasteners 
 
Boxes and supports shall be fastened to wood with wood screws or screw-type 
nails of equal holding strength, with bolts and metal expansion shields on 
concrete or brick, with toggle bolts on hollow masonry units, and with 
machine screw or welded studs on steel work.  Threaded studs driven in by 
powder charge and provided with lockwashers and nuts, or nail-type nylon 
anchors may be used in lieu of expansion shields, or machine screws.  
Penetration of more than 1-1/2 inches into reinforced-concrete beams or more 
than 3/4 inch into reinforced-concrete joists shall avoid cutting any main 
reinforcing steel.  The use of brackets which depend on gypsum wallboard or 
plasterboard for primary support will not be permitted.  In partitions of 
light steel construction, bar hangers with 1 inch long studs, mounted 
between metal wall studs or metal box mounting brackets shall be used to 
secure boxes to the building structure.  When metal box mounting brackets 
are used, additional box support shall be provided on the side of the box 
opposite the brackets.  This additional box support shall consist of a 
minimum 12 inch long section of wall stud, bracketed to the opposite side of 
the box and secured by two screws through the wallboard on each side of the 
stud.  Metal screws may be used in lieu of the metal box mounting brackets. 

 
3.3.3 Mounting in Walls, Ceilings, or Recessed Locations 
 
In walls or ceilings of concrete, tile, or other non-combustible material, 
boxes shall be installed so that the edge of the box is not recessed more 
than 1/4 inch from the finished surface.  Boxes mounted in combustible walls 
or ceiling material shall be mounted flush with the finished surface. The 
use of gypsum or plasterboard as a means of supporting boxes will not be 
permitted.  Boxes installed for concealed wiring shall be provided with 
suitable extension rings or plaster covers, as required.  The bottom of 
boxes installed in masonry-block walls for concealed wiring shall be mounted 
flush with the top of a block to minimize cutting of the blocks, and boxes 
shall be located horizontally to avoid cutting webs of block.  Separate 
boxes shall be provided for flush or recessed fixtures when required by the 
fixture terminal operating temperature, and fixtures shall be readily 
removable for access to the boxes unless ceiling access panels are provided. 

 
3.3.4 Installation in Overhead Spaces 
 
In open overhead spaces, cast-metal boxes threaded to raceways need not be 
separately supported except where used for fixture support; cast-metal boxes 
having threadless connectors and sheet metal boxes shall be supported 
directly from the building structure or by bar hangers.  Hangers shall not 
be fastened to or supported from joist bridging.  Where bar hangers are 
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used, the bar shall be attached to raceways on opposite sides of the box and 
the raceway shall be supported with an approved type fastener not more than 
24 inches from the box. 

 
3.4 DEVICE PLATES 
 
One-piece type device plates shall be provided for all outlets and fittings.  
Plates on unfinished walls and on fittings shall be of zinc-coated sheet 
steel, cast-metal, or impact resistant plastic having rounded or beveled 
edges.  Plates on finished walls shall be of steel with baked enamel finish 
or impact-resistant plastic and shall be color as indicated. Screws shall be 
of metal with countersunk heads, in a color to match the finish of the 
plate.  Plates shall be installed with all four edges in continuous contact 
with finished wall surfaces without the use of mats or similar devices.  
Plaster fillings will not be permitted. Plates shall be installed with an 
alignment tolerance of 1/16 inch.  The use of sectional-type device plates 
will not be permitted.  Plates installed in wet locations shall be gasketed 
and provided with a hinged, gasketed cover, unless otherwise specified. 

 
3.5 RECEPTACLES 
 
3.5.1 Single and Duplex, 20-ampere, 125 volt 
 
Single and duplex receptacles shall be rated 20 amperes, 125 volts, two-
pole, three-wire, grounding type with polarized parallel slots.  Bodies 
shall be color as indicated and supported by mounting strap having plaster 
ears.  Contact arrangement shall be such that contact is made on two sides 
of an inserted blade.  Receptacle shall be side- or back-wired with two 
screws per terminal.  The third grounding pole shall be connected to the 
metal mounting yoke.  Switched receptacles shall be the same as other 
receptacles specified except that the ungrounded pole of each suitable 
receptacle shall be provided with a separate terminal.  Only the top 
receptacle of a duplex receptacle shall be wired for switching application.  
Receptacles with ground fault circuit interrupters shall have the current 
rating as indicated, and shall be UL Class A type unless otherwise shown.  
Ground fault circuit protection shall be provided as required by NFPA 70 and 
as indicated on the drawings. 

 
3.5.2 Floor Outlets 
 
Floor outlets shall be adjustable and each outlet shall consist of a cast-
metal body with threaded openings for conduits, adjustable ring, and cover 
plate with 1/2 inch or 3/4 inch threaded flush plug.  Each telephone outlet 
shall consist of a horizontal cast housing with a receptacle as specified.  
Gaskets shall be used where necessary to ensure a watertight installation.  
Plugs with installation instructions shall be delivered to the Contracting 
Officer at the job site for capping outlets upon removal of service 
fittings. 

 
3.5.3 Weatherproof Applications 
 
Weatherproof receptacles shall be suitable for the environment, damp or wet 
as applicable, and the housings shall be labeled to identify the allowable 
use.  Receptacles shall be marked in accordance with UL 514A for the type of 
use indicated; "Damp locations", "Wet Locations", "Wet Location Only When 
Cover Closed".  Assemblies shall be installed in accordance with the 
manufacturer's recommendations. 
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3.5.3.1 Damp Locations 
 
Receptacles in damp locations shall be mounted in an outlet box with a 
gasketed, weatherproof, cast-metal cover plate (device plate, box cover) and 
a gasketed cap (hood, receptacle cover) over each receptacle opening.  The 
cap shall be either a screw-on type permanently attached to the cover plate 
by a short length of bead chain or shall be a flap type attached to the 
cover with a spring loaded hinge. 

 
3.5.3.2 Wet Locations 
 
Receptacles in wet locations shall be installed in an assembly rated for 
such use whether the plug is inserted or withdrawn, unless otherwise 
indicated.  In a duplex installation, the receptacle cover shall be 
configured to shield the connections whether one or both receptacles are in 
use. Assemblies which utilize a self-sealing boot or gasket to maintain wet 
location rating shall be furnished with a compatible plug at each receptacle 
location and a sign notifying the user that only plugs intended for use with 
the sealing boot shall be connected during wet conditions. 

 
3.6 WALL SWITCHES 
 
Wall switches shall be of the totally enclosed tumbler type.  The wall 
switch handle and switch plate color shall be color as indicated.  Wiring 
terminals shall be of the screw type or of the solderless pressure type 
having suitable conductor-release arrangement.  Not more than one switch 
shall be installed in a single-gang position.  Switches shall be rated 20-
ampere, voltage indicated for use on alternating current only.  Pilot lights 
indicated shall consist of yoke-mounted candelabra-base sockets rated at 75 
watts, 125 volts, and fitted with glass or plastic jewels.  A clear 6-watt 
lamp shall be furnished and installed in each pilot switch.  Jewels for use 
with switches controlling motors shall be green, and jewels for other 
purposes shall be red.  Dimming switches shall be solid-state flush mounted, 
sized for the loads. 

 
3.7 SERVICE EQUIPMENT 
 
Service-disconnecting means shall be of the type indicated with an external 
handle for manual operation.  When service disconnecting means is a part of 
an assembly, the assembly shall be listed as suitable for service entrance 
equipment.  Enclosures shall be sheet metal with hinged cover for surface 
mounting unless otherwise indicated. 

 
3.8 PANELBOARDS AND LOADCENTERS 
 
Circuit breakers and switches used as a motor disconnecting means shall be 
capable of being locked in the open position.  Door locks shall be keyed 
alike.  Nameplates shall be as approved.  Directories shall be typed to 
indicate loads served by each circuit and mounted in a holder behind a clear 
protective covering.  Busses shall be copper. 

 
3.8.1 Loadcenters 
 
Loadcenters shall be circuit breaker equipped. 
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3.8.2 Panelboards 
 
Panelboards shall be circuit breaker or fusible switch equipped as indicated 
on the drawings.  Fusible panelboards of the multipole type may have doors 
over individual circuits and trim over the wiring gutter only, provided each 
circuit is arranged for locking in the open and closed positions and each 
branch circuit has an individual identification card in a cardholder with a 
clear plastic covering. Multipole fusible switches shall be of the hinged-
door type; single pole fusible switches shall be of the tumbler switch and 
fuse type.  Switches serving as a motor disconnect means shall be of the 
tumbler switch and fuse type.  Switches serving as motor disconnect means 
shall be horsepower rated in conformance with UL 98. 

 
3.9 FUSES 
 
Equipment provided under this contract shall be provided with a complete set 
of properly rated fuses when the equipment manufacturer utilize fuses in the 
manufacture of the equipment, or if current-limiting fuses are required to 
be installed to limit the ampere-interrupting capacity of circuit breakers 
or equipment to less than the maximum available fault current at the 
location of the equipment to be installed.  Fuses shall have a voltage 
rating of not less than the phase-to-phase circuit voltage, and shall have 
the time-current characteristics required for effective power system 
coordination.  Time-delay and non-time-delay options shall be as shown. 

 
3.9.1 Cartridge Fuses; Noncurrent-Limiting Type 
 
Cartridge fuses of the noncurrent-limiting type shall be Class H, 
nonrenewable, dual element, time lag type and shall have interrupting 
capacity of 10,000 amperes.  At 500 percent current, cartridge fuses shall 
not blow in less than 10 seconds. 

 
3.9.2 Cartridge Fuses; Current-Limiting Type 
 
Cartridge fuses, current-limiting type, as indicated shall have tested 
interrupting capacity not less than 100,000 amperes.  Fuse holders shall be 
the type that will reject all Class H fuses. 

 
3.9.3 Continuous Current Ratings (600 Amperes and Smaller) 
 
Service entrance and feeder circuit fuses (600 amperes and smaller) shall be 
Class as indicated, current-limiting, nontime-delay or time-delay as 
indicated, with 200,000 amperes interrupting capacity. 

 
3.9.4 Motor and Transformer Circuit Fuses 
 
Motor, motor controller, transformer, and inductive circuit fuses shall be 
Class RK1 or RK5, current-limiting, time-delay with 200,000 amperes 
interrupting capacity. 

 
3.10 AERIAL SERVICE 
 
Services shall conform to the requirements of the local utility. 
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3.11 MOTORS 
 
Each motor shall conform to the hp and voltage ratings indicated, and shall 
have a service factor and other characteristics that are essential to the 
proper application and performance of the motors under conditions shown or 
specified.  Three-phase motors for use on 3-phase 208-volt systems shall 
have a nameplate rating of 200 volts.  Unless otherwise specified, all 
motors shall have open frames, and continuous-duty classification based on a 
40 degree C ambient temperature reference.  Polyphase motors shall be 
squirrel-cage type, having normal-starting-torque and low-starting-current 
characteristics, unless other characteristics are specified in other 
sections of these specifications or shown on contract drawings.  The 
Contractor shall be responsible for selecting the actual horsepower ratings 
and other motor requirements necessary for the applications indicated.  When 
electrically driven equipment furnished under other sections of these 
specifications materially differs from the design, the Contractor shall make 
the necessary adjustments to the wiring, disconnect devices and branch-
circuit protection to accommodate the equipment actually installed. 

 
3.12 MOTOR CONTROL 
 
Each motor or group of motors requiring a single control and not controlled 
from a motor-control center shall be provided under other sections of these 
specifications with a suitable controller and devices that will perform the 
functions as specified for the respective motors. Each motor of 1/8 hp or 
larger shall be provided with thermal-overload protection.  Polyphase motors 
shall have overload protection in each ungrounded conductor.  The overload-
protection device shall be provided either integral with the motor or 
controller, or shall be mounted in a separate enclosure.  Unless otherwise 
specified, the protective device shall be of the manually reset type.  
Single or double pole tumbler switches specifically designed for 
alternating-current operation only may be used as manual controllers for 
single-phase motors having a current rating not in excess of 80 percent of 
the switch rating.  Automatic control devices such as thermostats, float or 
pressure switches may control the starting and stopping of motors directly, 
provided the devices used are designed for that purpose and have an adequate 
horsepower rating.  When the automatic-control device does not have such a 
rating, a magnetic starter shall be used, with the automatic-control device 
actuating the pilot-control circuit.  When combination manual and automatic 
control is specified and the automatic-control device operates the motor 
directly, a double-throw, three-position tumbler or rotary switch shall be 
provided for the manual control; when the automatic-control device actuates 
the pilot control circuit of a magnetic starter, the latter shall be 
provided with a three-position selector switch marked MANUAL-OFF-AUTOMATIC.  
Connections to the selector switch shall be such that only the normal 
automatic regulatory control devices will be bypassed when the switch is in 
the Manual position; all safety control devices, such as low- or high-
pressure cutouts, high-temperature cutouts, and motor-overload protective 
devices, shall be connected in the motor-control circuit in both the Manual 
and the Automatic positions of the selector switch.  Control circuit 
connections to any MANUAL-OFF-AUTOMATIC switch or to more than one automatic 
regulatory control device shall be made in accordance with wiring diagram 
approved by the Contracting Officer unless such diagram is included on the 
drawings. All controls shall be 120 volts or less unless otherwise 
indicated. 
. 
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3.12.1 Contacts 
 
Unless otherwise indicated, contacts in miscellaneous control devices such 
as float switches, pressure switches, and auxiliary relays shall have 
current and voltage ratings in accordance with NEMA ICS 2 for rating 
designation B300. 

 
3.12.2 Safety Controls 
 
Safety controls for boilers shall be connected to a 2-wire, 120 volt 
grounded circuit supplied from the associated boiler-equipment circuit. 
Where the boiler circuit is more than 120 volts to ground, safety controls 
shall be energized through a two-winding transformer having its 120 volt 
secondary winding grounded.  Overcurrent protection shall be provided in the 
ungrounded secondary conductor and shall be sized for the load encountered. 

 
3.13 MOTOR-DISCONNECT MEANS 
 
Each motor shall be provided with a disconnecting means when required by 
NFPA 70 even though not indicated.  For single-phase motors, a single or 
double pole toggle switch, rated only for alternating current, will be 
acceptable for capacities less than 30 amperes, provided the ampere rating 
of the switch is at least 125 percent of the motor rating.  Switches shall 
disconnect all ungrounded conductors. 

 
3.14 LIGHTING FIXTURES, LAMPS AND BALLASTS 
 
This paragraph shall cover the installation of lamps, lighting fixtures and 
ballasts in interior or building mounted applications. 

 
 
 
3.14.1 Lamps 
 
Lamps of the type, wattage, and voltage rating indicated shall be delivered 
to the project in the original cartons and installed just prior to project 
completion.  Lamps installed and used for working light during construction 
shall be replaced prior to turnover to the Government if more than 15% of 
their rated life has been used.  Lamps shall be tested for proper operation 
prior to turn-over and shall be replaced if necessary with new lamps from 
the original manufacturer.  10% spare lamps of each type, from the original 
manufacturer, shall be provided. 

 
3.14.2 Lighting Fixtures 
 
Fixtures shall be as shown and shall conform to the following specifications 
and shall be as detailed on the drawings.  Illustrations  shown on the 
drawings are indicative of the general type desired and are not intended to 
restrict selection to fixtures of any particular manufacturer.  Fixtures of 
similar designs and equivalent energy efficiency, light distribution and 
brightness characteristics, and of equal finish and quality will be 
acceptable if approved.  In suspended acoustical ceilings with fluorescent 
fixtures, the fluorescent emergency light fixtures shall be furnished with 
self-contained battery packs. 
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3.14.2.1 Accessories 
 
Accessories such as straps, mounting plates, nipples, or brackets shall be 
provided for proper installation. 

 
3.14.2.2 Ceiling Fixtures 
 
Ceiling fixtures shall be coordinated with and suitable for installation in, 
on or from the ceiling as shown.  Installation and support of fixtures shall 
be in accordance with NFPA 70 and manufacturer's recommendations.  Where 
seismic requirements are specified herein, fixtures shall be supported as 
shown or specified.  Recessed fixtures shall have adjustable fittings to  
permit alignment with ceiling panels.  Recessed fixtures installed in fire-
resistive ceiling construction shall have the same fire rating as the 
ceiling or shall be provided with fireproofing boxes having materials of the 
same fire rating as the ceiling, in conformance withUL Elec Const Dir.  
Surface-mounted fixtures shall be suitable for fastening to the ceiling 
panel structural supports. 

 
3.14.2.3 Fixtures for Installation in Grid Type Ceilings 
 
Fixtures for installation in grid type ceilings which are smaller than a 
full tile shall be centered in the tile.  1 by 4 foot fixtures shall be 
mounted along the grid rail as shown.  Work above the ceiling shall be 
coordinated among the trades to provide the lighting layout shown.  Fixtures 
mounted to the grid shall have trim exactly compatible with the grid.  
Contractor shall coordinate trims with ceiling trades prior to ordering 
fixtures.  Metric fixtures shall be designed to fit the metric grid 
specified.  Fixtures in continuous rows shall be coordinated between trades 
prior to ordering.  Fixtures shall be mounted using independent supports 
capable of supporting the entire weight of the fixture.  No fixture shall 
rest solely on the ceiling grid.  Recessed fixtures installed in seismic 
areas should be installed utilizing specially designed seismic clips.  
Junction boxes shall be supported at four points. 

 
3.14.2.4 Suspended Fixtures 
 
Suspended fixtures shall be provided with swivel hangers or hand-straights 
so that they hang plumb.  Pendants, rods, or chains 4 feet or longer 
excluding fixture shall be braced to prevent swaying using three cables at 
120 degrees of separation.  Suspended fixtures in continuous rows shall have 
internal wireway systems for end to end wiring and shall be properly aligned 
to provide a straight and continuous row without bends, gaps, light leaks or 
filler pieces.  Aligning splines shall be used on extruded aluminum fixtures 
to assure hairline joints.  Steel fixtures shall be supported to prevent 
"oil-canning" effects.  Fixture finishes shall be free of scratches, nicks, 
dents, and warps, and shall match the color and gloss specified.  Pendants 
shall be finished to match fixtures.  Aircraft cable shall be stainless 
steel.  Canopies shall be finished to match the ceiling and shall be low 
profile unless otherwise shown.  Maximum distance between suspension points 
shall be 10 feet or as recommended by the manufacturer, whichever is less. 

 
Suspended fixtures installed in seismic areas shall have 45% swivel hangers 
and shall be located with no obstructions within the 45% range in all 
directions.  The stem, canopy and fixture shall be capable of 45% swing. 
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3.14.3 Ballasts 
 
Remote type ballasts or transformers, where indicated, shall be mounted in a 
well ventilated, easily accessible location, within the maximum operating 
distance from the lamp as designated by the manufacturer. 

 
3.14.4 Emergency Light Sets 
 
Emergency light sets shall conform to UL 924 with the number of heads as 
indicated.  Sets shall be permanently connected to the wiring system by 
conductors installed in short lengths of flexible conduit. 

 
3.15 BATTERY CHARGERS 
 
Battery chargers shall be installed in conformance with NFPA 70. 

 
3.16 EQUIPMENT CONNECTIONS 
 
 Wiring not furnished and installed under other sections of the 
specifications for the connection of electrical equipment as indicated on 
the drawings shall be furnished and installed under this section of the 
specifications.  Connections shall comply with the applicable requirements 
of paragraph WIRING METHODS.  Flexible conduits 6 feet or less in length 
shall be provided to all electrical equipment subject to periodic removal, 
vibration, or movement and for all motors.  All motors shall be provided 
with separate grounding conductors.  Liquid-tight conduits shall be used in 
damp or wet locations. 

 
3.16.1 Motors and Motor Control 
 
Motors, motor controls, and motor control centers shall be installed in 
accordance with NFPA 70, the manufacturer's recommendations, and as 
indicated.  Wiring shall be extended to motors, motor controls, and motor 
control centers and terminated. 

 
3.16.2 Installation of Government-Furnished Equipment 
 
Wiring shall be extended to the equipment and terminated. 

 
3.17 CIRCUIT PROTECTIVE DEVICES 
 
The Contractor shall calibrate, adjust, set and test each new adjustable 
circuit protective device to ensure that they will function properly prior 
to the initial energization of the new power system under actual operating 
conditions. 

 
3.18 PAINTING AND FINISHING 
 
Field-applied paint on exposed surfaces shall be provided under Section 
09900 PAINTING, GENERAL. 

 
3.19 REPAIR OF EXISTING WORK 
 
The work shall be carefully laid out in advance, and where cutting, 
channeling, chasing, or drilling of floors, walls, partitions, ceiling, or 
other surfaces is necessary for the proper installation, support, or 
anchorage of the conduit, raceways, or other electrical work, this work 
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shall be carefully done, and any damage to building, piping, or equipment 
shall be repaired by skilled mechanics of the trades involved at no 
additional cost to the Government. 

 
3.20 FIELD TESTING 
 
Field testing shall be performed in the presence of the Contracting Officer.  
The Contractor shall notify the Contracting Officer 10 days prior to 
conducting tests.  The Contractor shall furnish all materials, labor, and 
equipment necessary to conduct field tests.  The Contractor shall perform 
all tests and inspection recommended by the manufacturer unless specifically 
waived by the Contracting Officer.  The Contractor shall maintain a written 
record of all tests which includes date, test performed, personnel involved, 
devices tested, serial number and name of test equipment, and test results.  
All field test reports will be signed and dated by the Contractor. 

 
3.20.1 Safety 
 
The Contractor shall provide and use safety devices such as rubber gloves, 
protective barriers, and danger signs to protect and warn personnel in the 
test vicinity.  The Contractor shall replace any devices or equipment which 
are damaged due to improper test procedures or handling. 

 
3.20.2 Ground-Resistance Tests 
 
The resistance of the grounding system shall be measured using the fall-of-
potential method defined in IEEE Std 81.  Soil resistivity in the area of 
the grid shall be measured concurrently with the grid measurements.  Ground 
resistance measurements shall be made before the electrical distribution 
system is energized and shall be made in normally dry conditions not less 
than 48 hours after the last rainfall.  Resistance measurements of separate 
grounding electrode systems shall be made before the systems are bonded 
together below grade.  The combined resistance of separate systems may be 
used to meet the required resistance, but the specified number of electrodes 
must still be provided. 

 
a.  Single rod electrode - 25 ohms. 

 
3.20.3 Ground-Grid Connection Inspection 
 
All below-grade ground-grid connections will be visually inspected by the 
Contracting Officer before backfilling.  The Contractor shall notify the 
Contracting Officer 24 hours before the site is ready for inspection. 

 
3.20.4 Low Voltage Cable Tests 
 

a.  Continuity test. 
 

b.  Insulation resistance test. 
 
3.20.5 Motor Tests 
 

a.  Phase rotation test to ensure proper directions. 
 

b.  Operation and sequence of reduced voltage starters. 
 

c.  High potential test on each winding to ground. 
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d.  Insulation resistance of each winding to ground. 

 
e.  Vibration test. 

 
f.  Dielectric absorption test on motor and starter. 

 
3.20.6 Circuit Breaker Tests 
 
The following field tests shall be performed on circuit breakers. 

 
3.20.6.1  Circuit Breakers, Low Voltage 
 

a.  Insulation resistance test phase-to-phase, all combinations. 
 

b.  Insulation resistance test phase-to-ground, each phase. 
 

c.  Closed breaker contact resistance test. 
 

d.  Manual and electrical operation of the breaker. 
 
3.20.6.2 Circuit Breakers, Molded Case 
 

a.  Insulation resistance test phase-to-phase, all combinations. 
 

b.  Insulation resistance test phase-to-ground, each phase. 
 

c.  Closed breaker contact resistance test. 
 

d.  Manual operation of the breaker. 
 
3.21 OPERATING TESTS 
 
After the installation is completed, and at such time as the Contracting 
Officer may direct, the Contractor shall conduct operating tests for 
approval.  The equipment shall be demonstrated to operate in accordance with 
the specified requirements.  An operating test report shall be submitted in 
accordance with paragraph FIELD TEST REPORTS. 

 
3.22 FIELD SERVICE 
 
3.22.1  Onsite Training 
 
The Contractor shall conduct a training course for the operating staff as 
designated by the Contracting Officer.  The training period shall consist of 
a total of 2 hours of normal working time and shall start after the system 
is functionally completed but prior to final acceptance tests.  The course 
instruction shall cover pertinent points involved in operating, starting, 
stopping, servicing the equipment, as well as all major elements of the 
operation and maintenance manuals.  Additionally, the course instructions 
shall demonstrate all routine maintenance operations.  A VHS format video 
tape of the entire training shall be submitted. 
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3.23 ACCEPTANCE 
 
Final acceptance of the facility will not be given until the Contractor has 
successfully completed all tests and after all defects in installation, 
material or operation have been corrected. 
 
 

END OF SECTION 
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